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Summary
The main o b je c tiv e  o f  th is  th e s is  i s  to  d escr ib e  the e f f e c t  on 
cogn ition  o f  the stru ctu re  o f  CAL sim ulation  programs used, in  sc ien ce  
teach ing. Four programs sim ulating a pond ecosystem  ware w r itten  so  
as to  p resen t a sim ulation  model and to  a s s i s t  in  co g n itio n  in  
d if fe r e n t  ways.
Various c l i n i c a l l y  d e ta ile d  methods o f  d escrib ing  learn ing ware 
developed and tr ie d  including concept maps (vh ich  were found to  be 
surinative rather than form ative d escr ip tio n s  o f  learn in g , and to  be 
ambiguous) and h ie r a r c h ic a l s tru ctu res  (vfoich were found to  be 
d i f f i c u l t  to  produce). Frcm th ese  concept maps and h ie r a r c h ic a l  
stru ctu res I developed my In tera ctio n  Model o f  Learning vh ich  can be 
used to  d escr ib e  the ch ron olog ica l events concerned w ith c o g n itio n .
Using the In tera ctio n  Model, the nature o f  co g n ition  and the e f f e c t  
th a t CAL program stru ctu re  has cn th is  process i s  d escr ib ed . Various 
scenarios are presented as a means o f  showing the p o s s ib le  e f f e c t s  o f  
program stru ctu re  on lea rn in g . Four forms o f  concept learn ing  
a c t iv i t y  and th e ir  r e la t io n sh ip  to  learning v a lid  and a lte r n a t iv e  
conceptions are d escrib ed .
The find ings from the study are p a r t ic u la r ly  re la ted  to  the work o f  
Driver (1983), Marten (1976) and E h tw istle  (1981).
In th is  th e s is ,  concept learn ing i s  regarded as a personal con stru ction  
o f  knowledge resembling C .S .P e irce 's  n otion  o f  s c i e n t i f i c  m ethodology. 
R esults seem to  in d ic a te  th a t co gn ition  fo llow s the p ercep tion  o f  a 
"surprising" even t by the crea tio n  o f  a reasonable h yp oth esis  
(con cept), by the deduction o f  the consequences o f  th is  h y p o th es is , and 
by the comparison o f  observations w ith p red ic tio n s to  e ith e r  confirm  or  
refu te  the h y p o th esis .
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PART ONE 
GENERAL INTRODUCTION
PART ONE
GENERAL INTRODUCTION
In recen t years, computer technology has been app lied  to  the learning  
needs o f  th ose attending variou s education al and tra in ing
estab lishm ents, the range o f  vhich extends from f i r s t  sch oo l to  
u n iv er s ity  le v e l ,  frcm handicapped to  "normal" estab lish m en ts, frcm 
v o ca tio n a l and tra in in g  estab lishm ents to  academic in s t i t u t io n s .  Such 
a range o f  use h as meant th a t there has been an increasin g need for  
programs and supporting l i t e r a tu r e .
The need for softw are has been met in  a number o f  ways extend in g, for  
example, frcm those in d iv id u a l teachers vho produce th e ir  own softw are, 
to  groups o f  in d iv id u a ls  involved in  the production o f  a program or  
s e r ie s  o f  programs. These people may have d if fe r e n t  areas o f  
ex p e r tise :  seme may be su b jec t exp erts, o th ers having experience in  
presenting the su b jec t m ater ia l using the computer, o th ers may be 
s k i l le d  in  w ritin g  computer programs.
The r e s u lt  o f  th ese  a c t iv i t i e s  has been the production o f  a p le th o ra  o f  
programs o f  varying q u a lity . One on ly  has to  examine the cata logu e o f  
a program d is tr ib u tio n  agency such as the "Central Program Exchange" 
based a t  Wolverhampton P olytech n ic  to  r e a l i s e  th a t there are many areas  
in  vhich a large  number o f  s im ila r  programs have been w r itte n . This 
pleth ora  o f  programs, however, cannot be the concern o f  th is  study o f  
computer a s s is te d  learning (CAL).
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This d is s e r ta t io n  i s  concerned w ith the educational q u a lity  o f  CAL 
softw are w ith resp ec t to  those user a c t iv i t i e s  th a t are a sso c ia ted  w ith  
learn in g . Programs vary markedly in  th e ir  q u a lity , in  th e ir  
can p lex ity  and th e ir  su b jec t depth. Many programs are w ritten  w ith  
what appears to  be l i t t l e  concern to  the education al outcome o f  using  
th a t program. L i t t l e  thought, for  example, appears to  be g iv en  to  the  
f l e x i b i l i t y  o f  the program in  adapting to  the in d iv id u a l's  "conceptual 
base", to  the in d iv id u a l's  learning needs, and to  the in d iv id u a l's  
preferred learning s t y le .
In part one o f  th is  d is s e r ta t io n  I want to  review  and examine n o t on ly  
the various ways in  which computers can be used in  education , but a ls o  
how various educational in n ovation s, including CAL, can be eva lu ated . 
I  w i l l  a ls o  review  seme o f  the more important th eo r ies  o f  psychology o f  
relevance to  co g n itio n  and to  concept learning in  p a r tic u la r . I t  i s
on ly  through an understanding o f  how various fee  to rs  a f f e c t  c o g n it iv e
a c t iv i t i e s  th a t program d esig n  w i l l  be g e n e ra lly  improved and th a t  
programs w i l l  be designed to  encourage s p e c if ic  c o g n itiv e  a c t i v i t i e s .
The area o f  CAL o f  m ost concern in  th ese  s tu d ies  i s  th a t o f  sim u lation  
programs for use in  sc ie n c e  education . In using a sc ien ce  sim u lation  
program, a person can be sa id  to  be using the computer as a lab oratory . 
The program user i s  ac tin g  as a s c i e n t i s t ,  creatin g  and te s t in g
hypotheses. S c ie n t i f ic  a c t i v i t i e s  can be regarded as a s p e c ia l su b se t  
o f  concept learning a c t i v i t i e s ,  a c t i v i t i e s  in  which rigour and
o b je c t iv ity  i s  being a p p lied . Part one thus in c lu d es a review  o f  seme 
o f  the more s ig n if ic a n t  th eo r ie s  and p h ilo so p h ies  o f  sc ie n c e  and 
s c ie n t i f i c  methodology and t r ie s  to  show th e ir  relevance to  concept 
learn in g .
-  2 -
Chapter 1 .
In trodu ction  and; L iterature Review :„• r v, - -
1 .1  The Development o f  Computer-Based Learning
At the p resen t tim e, computers (and e s p e c ia lly  microcomputers) are  
being w idely  used fo r  a number o f  purposes by sch o o ls , c o lle g e s ,  
u n iv e r s it ie s ,  ind ustry  and commerce. The importance o f  computers to  
education i s  such th a t the U.K. government has funded a number o f  
p ro jec ts  re la ted  to  ccmputer based learning (CBL) during the la s t  
decade. The government i n i t i a l l y  recognised the r o le  o f  computers in  
education by e sta b lish in g  a fiv e -y e a r  N ational Development Programme in  
Ccmputer A ssisted  Learning (NDPCAL) in  1973. NDPCAL's b r ie f  was to  
stim u late  CAL a t  a l l  l e v e l s  o f  education . However much o f  the work 
carried  ou t throughout the U.K. was concerned w ith  CAL a t  u n iv e r s ity  
or  c o lle g e  le v e l .  When the NDPCAL p ro jec t ended in  December 1977, 
the Council for E ducational Technology (CET) received  f in a n c ia l support 
to  carry on the coord inating  function o f  NDPCAL fo r  a fu rther four 
y ea rs . This f in a n c ia l support d id  n o t, however, in c lu d e  funding for  
any new development work. The CET undertook the r e s p o n s ib il ity  o f  
se t t in g  up a n a tio n a l cata logu e o f  CAL and CML m a te r ia ls , and o f  
running seminars and conferences to  bring the CAL community togeth er  a t  
regular in te r v a ls .
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(se c t io n  1.1)
With the in ven tion  o f  the " s ilic o n  chip" or m icroprocessor, computers 
became much sm aller, cheaper and thus more w id ely  a v a ila b le  to  the 
f in a n c ia lly  l e s s  p r iv ile g  ed educational estab lish m en ts, i e .  the 
sch o o ls . The importance o f  a l l  asp ects o f  the m icroprocessor  
rev o lu tion  were recognised by- the government who did  n o t wish for  the  
U.K. to  lag behind o th er  cou n tries  in  the development o f  i t s  
a p p lic a tio n s . They thus introduced the "M icroelectronics Development 
Programme" in  1980.
The M icroelectron ics Development Programme i s  concerned w ith a l l  
asp ects  o f  the "chip" including m icro e lec tro n ics, microcomputers and 
th e ir  a p p lica tio n s  such as CAL. In ad d ition , the CET were asked by 
the DES to  c o n su lt H.M. In sp ectora te , the N ational Council for  S p ec ia l 
Education, the S ch oo l's  Council and other o rg a n isa tio n s and to  put 
forward proposals for  work in  sp e c ia l  education ( i e . for  th e d e a f, b lin d  
and p h y s ic a lly  handicapped).
Within the programme, lo c a l  courses were run for  teachers to  introduce  
them to  microcomputers (e s p e c ia lly  the Research Machines 380Z 
microcomputer and more rec e n tly  the BBC microcomputer), programming and 
ccmputer based learn in g . These teachers were meant to  return to  
th e ir  sch oo ls  and d issem inate the inform ation they had obtained to  
enable la rg er  groups o f  teachers to  become "ccmputer aware". However, 
although each school p a r tic ip a tin g  in  the p r o je c t  were a b le  to  buy a  
microcomputer a t  d iscou n t, i t  has proved d i f f i c u l t  fo r  th ese  sch o o ls  to  
buy s u f f i c ie n t  numbers o f  microcomputers to  enable them to  be w id ely  
used in  th e ir  sch o o ls . I t  i s  the sta ted  in te n tio n  o f  the programme 
th a t the ch ild ren  are intended to  g e t  a t  l e a s t  one se s s io n  o f  
"hands-on" experience o f  computers during th e ir  time a t  sch o o l, rather
-  4 -
than for th e ndcroccmputers to  be a reg u la r ly  used educational to o l .  
In seme ways th is  i s  an undesirable s itu a t io n  for sch o o ls , e sp e c ia lly  
those in  th e  primary s e c to r . I t  i s  a s itu a t io n  which sch ools find  
d i f f i c u l t  to  prevent for f in a n c ia l reasons.
Mechanical a id s , such as the ccmputer, to  learning have been recognised  
for a con sid erab le  time by cer ta in  educators and e d u c a tio n a lis ts .  
R.Goodman (1963) in  a foreword to  a book concerned w ith  programmed 
learning made c e r ta in  comments th a t would be a lm ost as a p p lica b le  to  
the u se  o f  computers today as i t  was a t  th a t time to  teaching machines. 
I t  i s  worth examining a con sid erab le  .amount o f  what h e  had to  say in  
th is  foreword:
"The id ea  o f  using machines to  teach vhat we need to  learn , 
th e  id ea  th a t we should automate p a rt a t  l e a s t  o f  the  
learn in g-teach in g  p rocess i s  opposed by many e d u c a tio n a lis ts .
The main reason for th is  i s  th a t the ca se  for 
a u to -in s tr u c tio n  or programmed learning has frequently  been 
p oorly  p resented . I t  has been claimed th a t teaching by 
machine would be a u n iv ersa l panacea for a l l  our education al 
d i f f i c u l t i e s . ” But .th is i t  c e r ta in ly  i s  n o t . I t - h a s  been 
presented  in  fa c t , i f  n o t in  in te n t , as a  gimmick. And 
ser io u s  e d u c a tio n a lis ts  n a tu ra lly , and r ig h t ly ,  are  
su sp ic io u s  o f  girrmicks. I t  has been presen ted , w ith  
s ig n if ic a n t  excep tion s, as t ie d  to  a p a r ticu la r  p sy ch o lo g ica l 
theory -  u su a lly  seme form o f  behaviourism -  which, for 
v a r io u s reason s, i s  unacceptable. But t h i s ,  too , though in  
th e main h is t o r ic a l ly  tru e , i s  fa ls e  in  f e e t . . .  .The ca se  for 
programmed learning and for teaching machines i s  n o t a sim ple  
one. I t  i s  n o t sim ple because i t  must be based an a 
fundamental, and frequently  d istu rb in g , a n a ly s is  o f  the r o le  
o f  education , o f  the function  o f  the teacher, and o f  concepts  
and th eo r ie s  current in  western S o c ie ty . Indeed, whether 
a u to -in s tr u c tio n  i s  u lt im a te ly  wridely adopted or n o t, the  
impact o f  the idea  cannot but be sa lu tary  in  th a t, maybe for 
th e f i r s t  tim e, i t  compels uS to  th ink  s e r io u s ly  and 
c r i t i c a l l y  about learning and teaching, and about what we, as  
human b e in gs, want o f  our w orld. And t h i s ,  o f  course, i s  
th e source o f  much o f  th e op p osition  to  teaching machines, 
fo r , in  the face o f  such an a n a ly s is , we who teach must be 
prepared for the d estru c tio n  o f  much o f  th a t ir r a t io n a l  
m ystique which i s  our c la s s i c a l  refu ge and th e c lo a k  behind  
which we so  o ften  d issem ble."
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The h is to r y  o f  programmed learning apparently extends back in to  
a n tiq u ity  w ith  d ev ices  such as the abacus actin g  as teach ing, as w a ll 
as adding, machines. However, the development o f  a teaching machine, 
as we know i t  today, d id  n o t s t a r t  u n t i l  Thorndike had an idea  th a t a 
m echanical d ev ice , which presented sm all chunks o f  inform ation a t  a 
tim e, could be used to  take over frcm personal in s tr u c t io n . However, 
Thorndike's id ea  was n o t taken up u n t i l  the 1920's  when P ressey  a t  Ohio 
S ta te  U n iv ersity  designed such a d e v ic e . However, th is  d ev ice, worked 
by presenting  a predetermined sequence o f  m u lti-ch o ice  q u estio n s, which 
the stud en t attempted to  answer. This design  was n o t a revolu tion ary  
one for  education , and d id  n o t became g e n e ra lly  accepted in  the 
classroom . Skinner's teaching machine was developed in  the 1950's .  
This machine presented a c a r e fu lly  sequenced s e t  o f  m ater ia l to  a
stu d en t. This was the s t a r t  o f  an era, the era o f  machine-based 
learning which i s  s t i l l  in  e x is ten ce  today w ith  the e x te n s iv e  use o f  
computers in  sch o o ls , c o lle g e s  and u n iv e r s it ie s .
Sk inner's (Skinner, 1958) programs were designed according to  the 
concept o f  " lin ear programming" where a body o f  inform ation i s  broken 
down in to  a sequence o f  sm all s tep s  leading lo g ic a l ly  through the
su b jec t. Each s te p , or  "frame" may be regarded as a sequence o f  
s t im u li . Each frame shares common elem ents w ith  both the previous
frame and the frame to  fo llo w  (se e  figu re  1 . 1 ) .
(se c tio n  1 .1 )
DIS CRI MI NA TE  V E  
S U M  U L U S
Figure 1 .1 R epresentation o f  a lin e a r  sequence o f  frames as  
used in  Skinner's teaching machines
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These elem ents are kncwn as d isc r im in a tiv e  s t im u li because, as the  
studen t proceeds from the kncwn to  the unknown, they ensure th a t the 
p ro b a b ility  o f  a co rr e c t response i s  in creased . An important feature  
o f  lin ea r  programming i s  th a t the stud en t w r ites  down or con stru cts  h is  
own responses vh ich  i s  thought to  make the stud ent think more deeply  
about the m ater ia l and enable them to  g a in  a g rea ter  understanding than 
would be p o s s ib le  frcm the use o f  m u ltip le -ch o ice  resp on ses. Linear 
branching programs do n ot, th erefo re , t e s t  the student but teaches him 
by requiring him to  make a p o s i t iv e ,  thoughtfu l and free  response.
I t  i s  in te r e st in g  to  n ote  th a t the techniques emerging from Skinner's  
s tu d ies  o f  learn ing were n o t designed to  "develop the mind" or to
further seme vague "understanding" o f  mathem atical r e la t io n sh ip s .  
These, however, are  the very  o b je c t iv e s  th a t the developers o f  CAL 
sim ulations b e lie v e  are im portant for th e ir  program and packages.
Norman Crowder's work (Crowder, 1958), concerned w ith sim ulator-based  
tra in in g , led  to  the development o f  a method o f  programming known as  
branched programming. Here rem edial sequences are provided when an 
error i s  made by the stu d en t. U nlike Skinner's teaching machines, 
Crowder's presented much larger chunks o f  inform ation in  a frame. 
Crowder b e liev ed  th a t i t  i s  an in s u l t  to  a s tu d en t's  in t e l l ig e n c e  to
p resen t sm all amounts as lin ea r  programs do. In branched programming
a frame of> inform ation i s  presented  and- i s  • follow ed by ’ a 
m u ltip le -ch o ice  qu estion  vhich has to  be answered c o r r e c tly  b efo re  the  
studen t can progress to  the n ex t frame. I f  the answer g iv e n  i s
in co rrec t then the student i s  to ld  so  and i s  a ls o  to ld  th e  l ik e ly  
nature o f  h i s  m istak e. He i s  then red irec ted  to  the o r ig in a l frame to  
make another attem pt or to  a’ rem edial sequence b efore  returning to  the
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o r ig in a l frame or ih e  one succeeding i t  ( f igu re  1 . 2 ) .
(s e c t io n  1 .1 )
3 (b)
2(b)
2(a)
Figure 1 .2  R epresentation o f  a branched sequence o f  frames as
used in  C razier1 s  teaching machines
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Goodman (1963) p red icted  the future development o f  machine-based 
lea rn in g :
'"Ihe n ex t s te p  now becomes c lea r : a v a ila b le  machines
presenting branched programmes are inadequate because they  
f a i l  to  provide fo r  branching on more than one parameter -  
the response o f  the student to  the most r ec e n tly  presented  
inform ation-quantum . -  This i s  another ’way o f  saying _ th at  
they are n ot r e a lly  adap tive. One ob v iou sly  ven ts the
student to  branch on the b a s is  o f  a vhole s e t  o f  parameters, 
o f  vhich h is  response h is to r y  over a t  l e a s t  a previous 
sub-sequence o f  the programme, and h is  own assessm ent o f  h is  
understanding, would be two. But th is  n e c e s sa r ily  in vo lves  
the evaluation  o f  -d ec ision  functions vhich  on ly  a ccmputer 
can perform e f f i c i e n t l y . 11
A th ird  method o f  programming was d evised  by Gordon Pask (Pask,1961) 
vhich  met Goodman's w ish es. Pask b e lie v e s  th a t i t  i s  im possib le to  
d e v ise  an adequate program for teaching manual s k i l l s  w ithout taking  
in to  account changes o f  a tt itu d e  and the p eriod s o f  in t e r e s t  and 
fa tig u e  vhich occur during the course o f  lea rn in g . Pask th erefo re  
developed machines vh ich  "learned" the behaviour p attern  o f  stu d en ts  
and vhich constructed th e ir  own programs on the b a s is  o f  th is  
in  forma t ic n .
P ask 's teaching machines are known as "adaptive teaching machines" and 
use Adaptive programming. This form o f  programming depends on the  
studen t making erro rs, and as such the d i f f i c u l t y ,  o f  the su b jec t  
m ateria l i s  con tro lled  by the machine to  m aintain a c er ta in  error  
l e v e l .  Pask's :machine \records s tu d en t's  performance ip . terms o f  h i s  
speed and accuracy and so  i t  b u ild s  up a p ic tu re  o f  vhat the stu d en t 
fin d s most d i f f i c u l t .  O bviously, the recording o f  such inform ation  
and the use o f  th is  inform ation n e c ess ita te d  the use o f  a ccmputer 
incorporated in to , the machine. This marked the in trod u ction  o f  
computers in to  education dnd tr a in in g . ! : • ■ -• •
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The "programmed learning" or "teaching" machines were o p t im is t ic a lly  
seen as an e f f e c t iv e  replacem ent for the teacher in  the classroom . 
However, th ese  teaching machines did  n ot l iv e  up to  the exp ecta tion s  
many people had fo r  them. McKeachie (1974) b elieved  th a t teaching  
machines were a disappointm ent s in c e  they were based on inadequate laws 
o f  learn ing (Thorndike's Law o f  E ffe c t  or Reinforcement, for  exam ple). 
These laws fo ile d  to  recogn ise  the d if fe re n c e s  between humans. The 
teaching machines fo i le d  to  m otivate the stu d en ts. They were found 
to  be boring by the stu d en ts .
With the a v a i la b i l i t y  o f  computers to  education al estab lish m en ts, the  
teaching machines soon disappeared from the classroom . The type o f  
program used in  th ese  machines was converted to  the forms o f  softw are  
which could be used by th is  novel in trod u ction  ( the ccmputer) to  
teach in g . The programs could run fe s te r  than in  the m echanical 
teaching machines. U nlike stud ents who had used the teaching  
machines, stud en ts using the computer c o n so le s , for  what could now be 
c a lle d  CAI, were found by O ettin ger (1969) to  have :
". .im p ressive le v e l s  o f  in te n s ity  and con cen tra tion ."
1 .2  What i s  Computer A ss is ted  Learning?
(se c tio n  1 .2 )
Computer A ssisted  Learning (CAL) can be taken m erely to  be the use o f  
computers in  education . This term would thus encompass any use o f  the  
computer to  a s s i s t  learning by stu d en ts. I t  could be the use o f  the  
computer by the teacher to  record student marks and by th e ir  a n a ly s is  
h ig h lig h t  to p ics  where stu d en t success has been poor. This m ight 
n e c e s s ita te  a new approach, for  example, to  be taken by the teacher in  
presenting the curriculum m a ter ia l to  the students.. I t  may be the use  
o f  the computer to  p resen t inform ation in  a g iven  order to  the student; 
to  p resen t sim ulations o f  laboratory experim ents or o f  r e a l - l i f e  
s itu a t io n s . I t  could be stud en ts using the ccmputer in  a tu to r ia l  
mode.
However, "Ccmputer A ss is ted  Learning" can be taken to  have a more 
s p e c if ic  meaning.' Many phrases have been developed in  recen t years to  
d escr ib e  s p e c if ic  uses o f  the computer in  education and tr a in in g . One 
o f  the broadest, and the one which should have perhaps been used to  
d escr ib e  the variou s uses o f  the computer in d ica ted  above, i s  Computer 
Based Learning (CEL). W ithin CBL are e n ta ile d  a v a r ie ty  o f  more 
s p e c if ic  uses o f  the ccmputer:
i )  Computer Managed Learning (CML) uses the f e c i l i t i e s  o f  the
ccmputer to  record assessm ent marks, and even p resen t t e s t s  to  studen ts  
w ith in  a s in g le  course or a number o f  cou rses, to  p resen t the teacher  
with inform ation about a s tu d en t's  current s ta tu s , th a t i s  the u n its ,  
modules which have been su c c e s s fu lly  com pleted. CML a ls o  a llow s  
courses to  be compared, perhaps one year w ith  another a t  the same 
academic le v e l .  I t  could perhaps perform a "Big Brother" r o le  in  th a t  
i t  could a sse ss  one tea ch er 's  r e s u lt s  a g a in st those o f  another teacher
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or a g a in st a "norm". Many people b e lie v e  th at OIL could be cne o f  the 
b ig g e s t areas o f  use for  computers. There i s  no doubt th a t by 
a s s is t in g  the teacher, by r e lie v in g  him /her o f  much o f  the ted ious and 
time-ccnsixriing ad m in istra tive  work, more time can be devoted e ith e r  
d ir e c t ly  or  in d ir e c t ly  to  th e ir  stu d en ts.
i i )  Ccmputer A ssisted  In stru ctio n  (CAE) i s  probably the major use o f  
the ccmputer in  education al estab lishm ents in  the U.S.A. However, in  
the U.K. i t  i s  l e s s  w idely  used . CAE i s  a n atu ra l development frcm 
system atic  tra in in g  and programmed in str u c tio n  carried  ou t using  
"Skinnerian boxes" and "teaching machines" r e s p e c t iv e ly . Programmed 
in s tr u c tio n , although heralded as a major advance fo r  the classroom , 
did  n o t su rv ive  fo r  very  lon g . Many say th a t i t  was based on a  theory  
o f  learning f a ls e ly  extended frcm animals such as p igeons to  humans. 
Programmed in s tr u c tio n  has made many o f  the teachers and educators in  
the U.K., vh6 >;saw i t s  in tro d u ctio n , ; wary o f :any o f t h e i  more recen t  
tech n o lo g ica l advances such as CAL and CAE. However, CAE i s  thought 
to  be a more su ita b le  way fo r  the student to  le a m  than programmed 
in s tr u c tio n .
With in s tr u c t io n a l forms o f  education , the main o b je c t iv e  i s  the  
reten tio n  by the stud en t o f  inform ation presented by the ccmputer. 
CAE allow s a student to  progress through a program in  a v a r ie ty  o f  ways 
depending upon th e ir  su ccess  a t  each s ta g e . Seme o f  the more sim ple  
programs, when recognising a m istake being made w i l l  route the stud en t  
to  e x e r c ise s  to  re in fo rce  the su b jec t area n o t understood, and then  
continue the program when th a t stu d en t has shown an understanding o f  
the m a ter ia l. More complex programs, and I b e lie v e , more advanced 
programs, have d if fe r e n t  routes through the su b jec t m a ter ia l depending
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on the c a p a b il i t ie s  demonstrated by a student, as for example, in  the 
"Ehhanced T u tor ia l Prcgrams" described  by Ayscough (1980) vhere the 
route i s  dependent on the s tu d en t's  current and previous resp on ses.
Pask(1969) d escr ib es  the m onitoring o f  the s tu d en t's  progress and the 
p resen ta tion  o f  su ita b le  su b jec t m ater ia l as a "teaching stra teg y " .
Ihe computer in  CAI can th erefore  be regarded as being a s u b s t itu te  for  
the teach er, and i s  being used as a means o f  acccniplishing  
in d iv id u a lised  learn in g . The emphasis in  CAI i s  not so  much on a 
demonstrable understanding o f  the su b jec t m a ter ia l, but on i t s  ro te  
memorisation.
Cooper (1980) f e l t  th a t a l l  " tu toria l"  a p p lica tio n s  o f  computers 
represent "good" education al computing. He b e lie v e s  th a t in  tu to r ia l  
a p p lica tio n s  we have progressed far  beyond the teaching machine and 
programmed text'<stage.- : However/ehe a ls o ;  f e l t  concern in i  th a t they do i:  
l i t t l e  more, a t  b e s t , than ape the a c t iv i t i e s  o f  good teach ers, and 
may, in  f e e t ,  do fe r  l e s s  and warns:
" I f  th is  i s  a l l  th a t we can ach iev e , ve should perhaps fo r g e t  
th ese  a p p lica tio n s  and concen trate  cn areas Where the machine 
can perform a r e a l fu nction  o f  Which a human teacher i s  
incapab le, for  example, sim ulation  packages. I t  i s  n o t
s u f f i c ie n t  for packages to  be cheap, e rr o r -fr ee  and popular  
w ith stu d en ts. They must p o ssess  sane demonstrable v a lu e  in  
pedagogic terms and very  few o f  us have achieved th is ."
By suggesting  th a t t u t o r ia l - s t y le  programs are n o t n ecessary  s in c e
teachers can u su a lly  do b e tte r  than the computer i s ,  in  my b e l i e f ,  a
l i t t l e  sh o r t-s ig h te d . They have a r o le  to  p lay  in  education . There
are tim es When h e lp  i s  required t y  s tu d en ts, for  example to  r e v is e  a
p rev iou sly  taught to p ic  in  rem edial s itu a t io n s . By having a lte r n a t iv e
teaching media and m ater ia ls  a v a ila b le , a teacher can be w e ll equipped
to  accommodate the needs o f  h is /h e r  s tu d en ts .
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Programs must have a demonstrable va lu e  in  pedagogic terms. Many 
programs lack  such a c le a r  and demonstrable v a lu e . Many are produced 
fcy the co tta g e -in d u stry  o f  teachers working in  th e ir  spare-tim e. 
These teachers have l i t t l e  supportive knowledge o f  how the programs 
w i l l  e f f e c t  learn ing in  th e ir  s tu d en ts. The programs are o ften  m erely  
w ritten  to  p resen t a cer ta in  "package o f  knowledge" in  computer program 
format.
i i i )  Although a studen t using a CAI program can be sa id  to  be 
learning by using the computer, I  b e lie v e  a more su b tle  d e f in it io n  o f  
CAL i s  a v a ila b le . CAL can be regarded as the use o f  the computer to  
enrich  a s tu d en t's  understanding o f  a p a r tic u la r  su b jec t or to p ic .  
The emphasis h ere  i s  n o t on ro te  memorisation o f  m a ter ia l, but on the  
r e la t iv e  freedom o f  a stu d en t to  become immersed in  the su b jec t  
m a ter ia l. • ^  i. >
"Once one g e t s  ' in s id e ' a theory, i t  s ta r t s  to  seem 
' r ig h t ' . .The su b jec tiv e  experience i s  one o f  in s ig h t  and i t  
engenders a fe e lin g  o f  truth  -  the in - s ig h t  rap id ly  becomes 
an out-look"
(Head and su ttcn , 1981)
The emphasis i s  on the stud ent being ab le  to  say "what happens i f . . . . "  
and then being a b le  to  find o u t the answer using the CAL program. 
Probably, th erefo re , the most u se fu l and f r u it f u l  use o f  computers in  
education for  stud en ts are s im u la tio n s, models o f  the rea l-w orld  or  
even a f i c t i t io u s  world.
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McKenzie (1977 ) d escr ib es  / the meaning o f  CAL as the : :. ■ • ’ - ■
" . . . u s e  o f  the computer as a powerful to o l ,  mainly as i f  i t  
were a laboratory, providing a learn er w ith sim u lation s, and 
the opportunity to  do problem -solving and undertake 
c a lc u la t io n s ."
Zinn (1978) d escr ib es  th is  form o f  CAL as "learning w ith the computer", 
Atkins e t  a l (1977) as "revelatory" types o f  CAL. The computer a llow s  
the student to  experim ent, to  "get the feel"  o f  the sim ulation  model. 
By becoming involved  w ith  the model, p rev io u sly  acquired knowledge 
becomes e x p e r ie n t ia l and thus understood more deep ly  fcy the program 
u ser.
There are many oth er reports in  the l it e r a tu r e  concerning the b e n e f it s
or advantages o f  CAL. Harding (1979) reporting on the b e n e f ic ia l  use
o f  CAL in  the teaching o f  applied  mathematics a t  Cambridge U n iv ersity
sa id  th a t there was a:
" p o sitiv e  app reciation  . t y .  - stud en ts . . r a n d a  con sid erab le  
b e n e f it  in  tefcms o f  exam ination m arks.",. . , >.
The b e n e f its  th a t accrue from the use o f  CAL in  terms o f  exam ination
marks probably a r is e  from the unique c h a r a c te r is t ic s  o f  CAL. These
unique c h a r a c te r is t ic s  o f  CAL have been described  t y  McKenzie (1977)
as:
( i )  an immediate feedback t y  the computer which m aintains in t e r e s t  t y  
the stud en t,
( i i )  the weaker more in tr o v e r t  student becomes an a c t iv e  p a r t ic ip a n t  in  
the learning p rocess,
( i i i )  the computer i s  a p a t ie n t  p a r tic ip a n t,
( iv )  the in te r a c t iv e  graphics makes i t  p o s s ib le  to  sample many more
i l lu s t r a t io n s  than could e a s i ly  be shown in  a textbook,
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(v) mathematical c a lc u la tio n s  can be done as rea d ily  for the r e a l i s t i c  
examples as fo r  the a r t i f i c i a l l y  sim ple ca ses  th a t can be solved  
a n a ly t ic a lly ,
(v i )  large  volumes o f  data can be handled w ith  accuracy and w ithout 
drudgery,
( v i i )  the use o f  the computer i s  a novel techniques ( to  many o f  the 
students) which provides enrichment to  a course through added 
v a r ie ty .
McKenzie's d e scr ip t io n  o f  the. advantages . o f  CAL as a teaching and 
learning medium can be summarised as being a "unique means o f  producing 
data and t y  in te r e s t in g  (m otivating?) a stu d en t t y  requiring the 
studen t to  be an a c t iv e  p a r tic ip a n t in  the learn ing p rocess" . The 
nature o f  the s tu d en t's  p a r tic ip a tio n  i s  to  rep ly  to  s p e c if ic  qu estion s  
posed ty  the computer, to  see  what happens as a  r e s u lt  and to  draw 
con clu sion s, hypotheses e t c .  based on th ese a c t iv i t i e s v  /. .Without seme 
form o f  a c t iv e  p a r t ic ip a t io n , the computer program would n o t be ab le  to  
proceed. The program would stop  a t  the INPUT sta tem ents.
In response to  the data  INPUT t y  the stu d en t, the computer responds t y  
carrying out c a lc u la tio n s  and then presenting  data in  a v a r ie ty  o f  
forms such as t e x t ,  ta b le , graph or a p ic t o r ia l  rep resen ta tion  or  
d isp la y . This d isp la y  o f  data i s  intended to  convey seme form o f  
meaning to  the stu d en t. I t  i s  meant to  convey a rep resen tation  o f  the  
behaviour o f  the sim ulation  model contained w ith in  the CAL program.
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This sequence o f  ev en ts , th a t i s  INPUT to  OUTPUT to  INPUT e t c .  can be 
regarded as a sequence o f  ep isodes in  a con versation . Such a sequence 
o f  even ts might thus look l ik e :
COMPUTER: Asks q u estio n (s) to  in i t i a t e  a p ro cess .
STUDENT: R ep lies to  q u estio n (s) -  perhaps a YES/NO rep ly , the
INPUT o f  parameter v a lu es , or  perhaps t y  a sh ort  
d ia lo g u e .
COMPUTER: P rogresses through the program on the b a s is  o f  the
s tu d en t's  previous r e p lie s .  May d isp la y  d ata  (r e su lts )  
as a consequence o f '  th ese  a c tio n s  * n c ; . : o  o». ss .
STUDENT: Views d a ta . Makes ob serva tion s.
COMPUTER: Asks fo r  another s e t  o f  parameter v a lu e s .
This looks l ik e  a tr a n sc r ip t o f  a conversation  between two p eop le . 
Because o f  the id e n t ity  o f  the two p a r tic ip a n ts  i t  i s  o fte n  known as  
the "Student-GAL in teraction "  . > P a s k ( 1 9 7 6 a )  . se e s  ; th is  ^ interaction  
p rocess, or con versation , as the means t y  which the stu d en t learn s i .
According to  L aurillard  (1981) the s e c r e t  o f  a good CAL package i s  th a t  
i t :
" . . . f o c u s e s  the s tu d en t's  a tten tio n  on s a l ie n t  fea tu res o f  the 
su b ject m atter and encourages him to  engage in  the type o f  
co g n itiv e  a c t iv i t y  th a t w i l l  f a c i l i t a t e  learn in g ."
L au r illa rd ' s  d e scr ip tio n  seems to  say c o n c ise ly  vhat m ost people
involved w ith CAL s e e  a s  the b e n e fits  o f  CAL to  education .
One o ften  reported b e n e f it  o f  CAL i s  the "novelty" o f  using a computer 
known as the "Hawthorn E ffec t" . As microcomputers become more common 
n o t on ly  in  ed u cation al and tra in in g  estab lish m en ts, but a ls o  in  the  
heme the Hawthorn e f f e c t  m ight become le s s  n o t ic e a b le . The
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p o p u la r ity  o f  “personal" microcomputers i s  ra re ly  due to  an academic 
in t e r e s t  in  computer sc ien ce  or  the use o f  the computer to  a id  learning  
and understanding o f  academic su b jec ts . These microcomputers are  
o ften  used to  p la y  games o f  varying so p h is t ic a t io n .
However, CAL i s  n o t the panacea for  teachers to  h e lp  overcome a l l  o f  
the d i f f i c u l t i e s  th a t are encountered in  learn ing su b jec t m atter.
There have been^a number o f  "warnings" published . in  v the l ite r a tu r e  
concerning the use o f  CAL packages. H ebenstreit (1974) warns th a t the 
use o f  computer sim ulations m ight turn in to  a game s itu a t io n .  
However, he d id  go  on to  say  th a t the in te r a c t iv e  use o f  CAL programs 
should h e lp  to  r a ise  the le v e l  to  an in t e l le c t u a l  one rather than 
m erely one o f  p lay in g . A lso , i t  seems th a t "playing" a game might
a ls o  be a u se fu l m otivation a l a id  to  learning (Malone, 1981). Thus
th is  form of_ program should n o t be d ism issed  ■ to o ’ ’ q u ick ly  from the ' /
ed u cation al ca ta logu es.
The CAL program developer must be aware o f  the in h eren t danger o f  
producing t r iv ia l  programs I t  i s  r e la t iv e ly  ea sy  to  w r ite  a
sim ulation  program rela ted  to  a p a r ticu la r  to p ic , as a g la n ce  a t  the  
published l i s t s  o f  programs w i l l  show. I t  i s  more d i f f i c u l t  to  w r ite  
a good CAL sim ulation  program which engages the stu d en t m eaningfully in  
a p a r tic u la r  range o f  c o g n it iv e  a c t i v i t i e s .
MoKenzie (1977) d escr ib es o th er  in sta n ces  when the CAL program may n o t  
be e f f e c t iv e  in  promoting stu d en t learn in g , namely:
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i )  a program may g iv e  an unexpected response to  an unusual input,
i i )  seme students are in tim idated  t y  the computer and p refer  to  look  
over the shoulder o f  o th er  stu d en ts,
i i i )  overuse, for example using a program longer than one hour can lead  
to  boredom. C rovello  (1974) a c tu a lly  goes fu rther than th is  and 
says th a t the overuse o f  a program t y  a stud en t can hinder the 
development o f  a n a ly t ic a l s k i l l s ,
iv )  w ith out a perceived g o a l, the package w i l l  n o t be properly  
app reciated , v- 0ox,: (1976) extends’ 'th is  p o in t'- ty 1'sayings-'that a  ^’ ■ 
w ritten  in troduction  ( i e .  package n o tes) can prevent the student 
from floundering when the to p ic  i s  an un fam iliar one.
An a d d itio n a l fa ctor  vhioih can h inder learning i s  the s itu a t io n  where 
the package does too much (L au rillard , 1981). This overextension  t y  
the program may be because the programmer i s  trying to  use the computer 
to  i t s  f u l l  cap acity , for  example, to  g iv e  a com plete dem onstration o f  
seme com plicated system; "
I t  thus seems th a t CAL programs and packages can form u se fu l ad d ition  
to  the "repertoire" o f  teaching a id s  th a t a teacher has a v a ila b le .  
However, much ca re fu l thought must be g iv en  to  the development o f  a CAL 
program so  th a t i t  leads to  a u se fu l and in te r e s t in g  learning  
experience for the stu d en ts. Program developers req u ire, th erefo re , 
a knowledge o f  how program stru c tu re  can a f f e c t  stu d en t learning i f  a 
w ell-d esign ed  program leading to  the d esired  range o f  c o g n itiv e  
a c t i v i t i e s  i s  to  be the end-product. This means th a t su ita b ly  
designed eva luation  s tu d ies  must be performed, and th a t a knowledge o f  
co g n itiv e  psychology i s  n ecessary  to  understand the learn ing p rocesses  
being ex h ib ited  ty  users o f  CAL programs.
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1 .3  Evaluation S tud ies
1 .3 .1  The Evaluation o f  Educational Innovations
U n til r ec e n tly , educational in n ovation s have been la r g e ly  evaluated and 
compared according to  a nom othetic approach. This approach has made 
u se, for  example, o f  matched groups, the s e le c t io n  and con stru ction  o f  
appropriate o b jec tiv e  t e s t s ,  p re - and p o s t - t e s t in g , item  a n a ly s is , 
r e l i a b i l i t y  checks, p i lo t in g  o f  q u estion n a ires e t c .  Malcolm P a r le t t  
(1977) c a l l s  , th is- the '-A gricultural 'Botany Paradigm". I t  i s  the  
methodology ty  which th is  type o f  s c i e n t i f i c  experim ent i s  designed and 
ty  which the data i s  analysed for  i t s  s ig n if ic a n c e .
In recen t years i t  has been recognised  th a t there are many d i f f i c u l t i e s  
a sso c ia ted  w ith th is  form o f  ev a lu a tio n . D i f f ic u l t ie s  such as the 
large  number-of students required and-the amount o f  o v e rs im p lif ic a tio n  
th a t i t  i s  necessary to  impose, the fe e t  th a t  a l o t  o f  u se fu l  
inform ation can be m issed e s p e c ia l ly  in  complex s itu a t io n s  such as  
classroom s and s im ila r  learn ing m ilie u .
As a consequence, " illu m in a tiv e  evaluation" has evolved to  take account 
o f  the wider con tex ts  in  which ed u cation a l programs function  (P a r le t t  
and Hamilton, 1977). According to  P a r le t t  and Hamilton, the primary 
concern o f  illu m in a tiv e  ev a lu a tio n  i s  w ith  d e sc r ip t io n  and 
in terp re ta tio n  rather than wrijth measurement' and p r e d ic tio n . This .form 
o f  eva lu a tio n , as a research s tr a teg y  i s  adaptable. D iffe r e n t  
techniques can be used to  throw l ig h t  on a common problem.
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With illu m in a tiv e  eva lu ation , the researcher s ta r t s  by being concerned 
w ith a wide area o f  in t e r e s t s .  This treadth  i s  reduced during the  
period o f  enquiry so  th a t more a tte n tio n  can be paid to  those areas 
which become mare apparent in  th a t they seen to  be important is su e s  in  
the stud y. Such a research  s tr a te g y  can e a s i ly  be c r i t ic i s e d  in  th a t  
i t  r e l i e s  h e a v ily  upon the su b jec tiv e  judgement o f  the research er. 
P a r le tt  and Hamilton (1977) p a r t ia l ly  counter th is  c r it ic is m  by arguing 
th a t any research  in v o lv es  s k i l le d  judgements on th e p a rt o f  the  
researcher, th a t illu m in a tiv e  eva lu ation  data should be cross-checked  
(P a r le tt , 1977); and th a t i t  portrays accu rately  what the researcher
knows. P a r le t t  sa id  th a t :
" ...p r e se n tin g  a reco g n isa b le  r e a l i t y  i s  a major means o f
v a l id i t y  te s tin g  in  illu m in a t iv e  s tu d ies ."
Evaluation ty  means o f  c a se -s tu d ie s  i s  a r ea c tio n  to  the nom othetic 
evaluation  techniques. A ca se -stu d y  i s  a d e ta ile d  observation  o f  an 
in sta n ce . The d e scr ip tio n s  are supplemented t y  in te r p r e ta tio n . As 
Hawkins (1979) s ta te d , the purpose o f  th is  eva lu ation  technique i s  so  
that:
"Educational d e c is io n  makers a r e . . .a b le  to  share th e  
experience o f  innovation  undergone t y  o th ers."
Case s tu d ie s  are a u se fu l way o f  examining the t o t a l i t y  o f  the
s itu a t io n  being observed. However, s in c e  ca se -stu d y  work i s
time-consuming i t  n e c e s s ita te s  a r e la t iv e ly  sm all sample s i z e  when
compared to  other eva luation  tech n iq u es. Because o f  th e in d iv id u a lity
o f  each ca se -stu d y , i t  means th a t a s t r i c t  comparison between
c a se -s tu d ie s  i s  n ot p o s s ib le  although the evaluator can use h is /h e r  own
judgement to  make comparisons, much in  the same way as H.M. Inspector a te
used to  in sp e c t  sch oo ls  using th e ir  am  p r o fe ss io n a l judgements.
Evaluation data from variou s sources such as from c a se -s tu d ie s ,
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q u estion n a ires, surveys and from experiments h e lp  to  co n stru ct a more
complete p ic tu re  o f  ed u cation al p r a c tic e  and should be regarded as
being complementary (E n tw istle , 1981).
" It i s  th erefo re  to  be expected th a t sometimes eva lu ation  w i l l  
be viewed as measurement, sometimes as p r o fe ss io n a l  
judgement."
(Hawkins, 1979)
1 .3 .2  The E valuation o f  CAL
CAL, as w ith  any oth er education al innovation , has been evaluated  t y  a
v a r ie ty  o f  methods. O ettin ger (1969) w h ils t  referrin g  to  the la ck  o f
eva luation  th a t  CAI was rece iv in g  a t  the tim e, commented th a t:
" In tu itio n  and anecdotal evidence do n ot support the optimism  
necessary  to  continue experim ents."
I t  thus seems as i f  O ettin ger was n o t s a t i s f ie d  by  e a r ly  forms o f
illu m in a tiv e  eva lu a tion , but was looking for  the num erical and
s t a t i s t i c a l  approach to  eva lu a tion  th a t had been carmen p r a c t ic e  u n t i l
th a t tim e. A s tu d en t's  performance w ith programmed in s tr u c t io n  or  CAI
packages has o ften  been carried  ou t in  the p a s t  using p re - and
p o s t - t e s t s  to  determ ine the amount o f  fa c tu a l knowledge th a t has been
acquired.
Pask (1969) when reviewing variou s methods for the ev a lu a tion  o f  CAI, 
commented on variou s d i f f i c u l t i e s  th a t were being encountered:
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"The fundamental d i f f i c u l t y  i s  th a t no one r e a l ly  knows what 
to  measure (as evidenced ty  the f e e t  th a t v a s t  amounts o f  
la ten cy  and response data have been c o lle c te d  on tap es, 
though very  l i t t l e  o f  i t  has been used fo r  eva lu ation ) •
J u st as the fu n ction a l eva luation  o f  an education al 
subroutine c a l l s  fo r  a learning theory (which amongst o th er  
th in gs, t e l l s  the experim enter what to  measure) so  the 
evalu ation  o f  an e n t ir e  CAI system  c a l l s  for  an ed u cation al 
theory. At the moment no adequate theory e x i s t s . . ."
la t e r  in  th is  paper, Pask goes on to  d escr ib e  developments in  the
theory o f  education th a t were taking p la c e . Educational psychology
was moving away from b eh a v io u r istic  models o f  learn ing to  models which
are g e n e ra lly  accepted nowadays, th a t i s  to  say, the variou s c o g n it iv e
th eo r ies  o f  education . This demand for change in  eva lu ation  a t t itu d e s
was made a t  about the same time as CAL was beginning to  emerge as a
premising and v ia b le  a id  to  learn in g .
CAL expects more from a stud en t than ro te  m em orisation. I t  req u ires  
the student to  be an a c t iv e  p a r tic ip a n t in  a h e u r is t ic  method o f  
teach ing. I f  the p rocess o f  learning i s  accepted as a  person al 
construction  o f  knowledge (se e  1 .4 ) then whatever a stu d en t acq u ires  
during a learn ing experience cannot be described  m erely t y  determ ining  
the knowledge acquired program determined t y  the use o f  p re - and 
p o s t - t e s t s  (L au rillard , 1977). Pre- and p o s t - t e s t s  have o th er  
lim ita tio n s  fo r  CAL:
"This form o f  te s t in g  i s  n o t CAL s p e c i f ic .  The t e s t s  do n o t  
rev ea l the uniqueness o f  the p o te n t ia l o f  CAL." (Kemmis, 
1977a).
L aurillard (1977) b e lie v e s  th a t i t  i s  n o t p o s s ib le  to  p lan  a sy stem a tic  
te s tin g  programme and th a t the eva lu ation  procedure has to  r e f l e c t  the  
exploratory nature o f  the development by using open-ended techniques  
such as in terv iew s and ob servation .
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In the QJSC p r o je c t  ( la u r illa r d , 1977), a v a r ie ty  o f  eva lu ation  
techniques were tr ie d . Four techniques were f in a l ly  found to  be o f  
v a lu e . These included: ( i )  observation  sch ed ules, ( i i )  stud en t
feedback forms, ( i i i )  questions w ith in  the package, and ( iv )  
in terv iew s. Techniques ( i ) ,  ( i i )  and ( iv )  a llow  a gen era l d e scr ip tio n  
o f  the learn ing outcomes o f  the program to  be determ ined. In o ther  
words, the p ro cesses  o f  learning are in v estig a ted  through the s tu d en t's  
experience o f  i t .
These eva lu a tion  technicjues should, however, a llow  more than a "general 
d escr ip tio n  o f  learn ing outcomes" to  be determ ined. Students using a 
CAL sim ulation  program or package should be experiencing and becoming 
aware o f  the behaviour and responses o f  the model im p lic it  in  th a t  
program. R ules, laws and concepts are produced t y  the stu d en t in  an 
attem pt to  understand, d escr ib e , understand and p r e d ic t  the m odel's 
behaviour. In a s c i e n t i f i c  co n tex t, th ese  law s, r u le s  and concepts 
are id e a l ly  te s ted  ty  the stu d en t. The id e a l stu d en t w i l l  perform  
experim ents using the computer model to  see  whether th e ir  hyp otheses or  
p red ic tio n s  are c o rr e c t. An eva lu ation  o f  CAL must th erefo re  examine 
n o t on ly  the learn ing o f  "facts" but should a ls o  determ ine the var iou s  
co g n itiv e  a c t i v i t i e s  demonstrated t y  a stu d en t, inclu d in g  those  
a sso c ia ted  w ith  s c i e n t i f i c  methodology w h ils t  using a CAL program. In 
th is  way, i t  i s  p o s s ib le  to  d escr ib e  how learning occurs and thus the  
fee  tors a ffe c t in g  learn ing in  the co n tex t o f  CAL.
(se c tio n  1 .3 .2 )
Mere emphasis in  CAL i s  placed cn "knowing how" rather than "knowing 
th a t" . "Knowing how" in clu d es Bloom's h igher c o g n itiv e  a c t iv i t i e s  
(Bloom, 1956) such as comprehension, a p p lica tio n , a n a ly s is , syn th esis  
and eva lu a tio n . I t  i s ,  th erefore , n o t unexpected to  find th a t many 
evaluators o f  CAL have used d escr ip tio n s  o f  stu d en t a c t iv i t y  s im ilar  to  
those o f  Bloom.
There are two n otab le  ty p o lo g ies  which attem pt to  d escr ib e  the variou s
c o g n it iv e  a c t i v i t i e s  which might be demonstrated t y  a stud en t using a
CAL program. Namely those o f  Kemmis (1977a) and L aurillard  (1978a).
L a u r illa rd s1s  
"types o f  learning"
1. Becoming aware o f  
fa c tu a l knowledge.
2 . P ra ctis in g  procedures.
3 . Estim ating m agnitudes.
4 . V is u a lis in g .
5 . In te r p r e tin g .
6 . Reasoning.
7 . I n tu it iv e  understanding .
8 . Checking knowledge and 
understanding.
9 . Experimenting.
By observing stud en ts using CAL programs, the educational p o te n t ia l  o f  
CAL programs can be described  in  terms o f  the learn ing a c t i v i t i e s  th a t  
i t  can gen era te . These d e s c r ip t iv e  terms are th ose  o f  the  
Student-CAL In tera ctio n , and are s im ila r  to  Rothkopf's (1966) n o tion  o f  
"mathenagenic a c t iv i t i e s " .
Kermis' typology
1 . R ecognition
2 . R eca ll
3 . Comprehension o f  sta tem ents.
4 . Comprehension o f  concepts.
5 . Comprehension o f  p r in c ip le s .
6 . Global recon stru ction  or
I n tu it iv e  understanding.
7 . C onstructive understanding.
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The d escr ip tio n s  o f  the various c o g n it iv e  a c t i v i t i e s  are d escr ip tio n s  
o f  ep isod es in  the learning experience o f  the stud en t using the CAL 
program. These ep isodes may be composed o f  sh orter  component
ep isodes e n ta iled  w ith in  the main e p is o d e (s ) . I t  may be asked, fo r  
example, what c o n s titu te s  an ep isode shown to  be "reasoning" or  
"experimenting"? Kemmis and la u r il la r d  have made very  l i t t l e  attem pt 
a t  examining the nature o f  th ese  a c t i v i t i e s  as encouraged t y  the CAL 
program. That i s  to  say they have made l i t t l e  attem pt a t  examining 
the stru ctu re  o f  CAL programs and r e la t in g  th is  to  the type o f  d e ta ile d  
learning a c t iv i t y  i t  g en era tes . la u r il la r d  (1978a) recogn ises th is  
lim ita tio n  o f  current research . More needs to  be known about the  
ex a ct nature o f  th ese  c o g n itiv e  a c t i v i t i e s  and how they are promoted t y  
CAL programs.
In h is  s tu d ie s  o f  student lea rn in g , Kemmis (1977b) has made seme 
attem pt a t  describ in g  a method which can be used to  e l i c i t  how the  
stru ctu re  o f  a CAL program can a f f e c t  learn ing a c t i v i t i e s .  This 
in te r a c tio n  between the CAL program and the stu d en t i s  shown t y  Kemmis 
as a "data m atrix":
(sectio n  1 .3 .2 )
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Figure 1 .3 Data Matrix Model (Kerrmis, 1977b)
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Although Kemmis b e lie v e s  th a t the in te r a c tiv e  process between the 
stud en t and the CAL program i s  a continuous one, he f e e ls  th a t i t  i s  
n ecessary  to  attem pt to  d e scr ib e  i t  in  an ep iso d ic  manner.
The CAL program stru ctu re  and con ten t must co n tro l, to  seme e x te n t, the 
a c t iv i t i e s  o f  a stud en t using th a t program. This program stru ctu re  
co n tro llin g  a s tu d en t's  a c t i v i t i e s  Kemmis c a l l s  i t s  " fu n ction al 
structure" or " f-stru ctu re" . At any one time the f-s tr u c tu re  vhich  
d e fin e s  the co n tex t w ith in  which the student i s  working, w i l l  a f f e c t  
the s tu d en t's  a c tio n s  i l lu s t r a t e d  t y  the way h e in te r a c ts  w ith  the 
computer and t y  vhat he s a y s .
By examining the data m atrices Kemmis b e lie v e s  i t  should be p o s s ib le  to  
see  any developing pattern  o f  in te r a c tio n  brought about t y  the program. 
The p attern  o f  in ter a c tio n  th a t Kemmis b e lie v e s  w i l l  develop , h e c a l l s  
the " a c t iv ity  stru ctu re" . However, no published account or  
d escr ip tio n  o f  a c tu a l data m atrices nor o f  a c t iv i t y  stru ctu res  has been 
produced. Even so , Kemmis thought th a t they w i l l  be more u se fu l for  
the eva lu ator o f  CAL than a d e scr ip tio n  o f  the developing c o g n it iv e  
stru c tu re .
There seems to  be sev era l c r it ic is m s  th a t can be made o f  th is  type o f  
d escr ip tio n  o f  the in te r a c tio n  between the student and the CAL program, 
namely:
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( i )  . No a tten tio n  i s  paid to  the s tu d en t's  p reco n cep tio n s,th a t i s  h i s
conceptual stru ctu re  e x is t in g  before using the CAL program. 
P rior  knowledge and experience can be important in  determ ining, a t  
le a s t  in  p art, the " fu n ction a l-stru ctu re"  or co n tex t w ith in  vh ich  
the student i s  working w h ils t  using a CAL program.
( i i )  The data m atrix model a lm ost presumes to  regard the p rocess as  
being b eh a v io u r istic  in  nature. That i s  to  say , a 
"stim ulus-response" p ro cess . Kemmis does, however, attem pt to  
overcome th is  t y  saying th a t f-s tr u c tu re s  are n o t d e sc r ip t io n s  o f  
the environment independent o f  the organism. They are meant to  
be d escr ip tio n s  o f  the boundary between the organism and the  
environment through which they engage and in te r a c t .
( i i i )  The data m atrix thus seems to  be a s im p lis t ic  rep resen ta tio n  o f  
the in ter a c tio n  p rocess in  th a t fac to rs  such as p erson a l learn ing  
s t y le  are n o t inclu ded .
I t  i s ,  however, the on ly  model published vhich  attem pts to  ex p la in  the  
PROCESS o f  the Student-CAL in te r a c tio n  (and the con seq u en tia l learn ing  
th a t o c cu rs ) . An attem pt i s  being made here to  examine th e e f f e c t  
th a t the stru ctu re  o f  a CAL program has on the learning behaviour o f  a 
stud en t.
Pask's conversation  theory o f  learn ing (1976a) i s  a more comprehensive 
te n e t from which to  work. The conversation  theory was developed in  
an attem pt to  in v e s t ig a te  the learn ing o f  r e a l i s t i c a l ly  ccrrplex su b je c t  
m atter under co n tro lled  co n d it io n s . I t  i s  a theory which i s  more 
ap p licab le  to  CAI than CAL, but n e v e r th e less , i t  does co n ta in  much 
vhich can be used to  exp la in  any form o f  learn in g , in clu d ing  CAL.
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The ccnver sa tio n  between the ccmputer and student, stu d en t and 
computer, and the stu d en t and the observer i s  the b a s is  from which 
evaluations o f  hew learning takes p la ce  are produced. P ask 's  
conversation  theory reco g n ises  th a t the stud en t i s  an a c t iv e  
p a r tic ip a n t in  the learning p rocess mare so  than Kemmis' data  m atrix  
model. I t  r eco g n ises  fee  tears such as learning s t y le  which the data  
m atrix em its .
Pask's theory s e e  learning taking p la ce  through co n v ersa tio n s. The 
conversation  may be one o f  asking q u estion s, presenting  answers to  
q u estion s, th e p resen ta tio n  ,o f  inform ation  and so  on. When both  
p a r tic ip a n ts  in  the conversation  are in  agreement, then a to p ic  about 
which they were conversing can be sa id  to  be le a r n t. I t  i s  t h is  p art  
o f  the theory th a t i s  more a p p lica b le  to  CAI than CAL, because in  CAI 
and in  programmed learn in g , a d ir e c t  conversation  between stu d en t and 
computer i s  taking p la ce  where the computer i s  monitoring th e var iou s  
responses o f  th e stu d en t. In CAL, a t  p resen t th e ccmputer does very  
l i t t l e  m onitoring o f  th e conceptual b e l ie f s  o f  the stu d en t, and to  do 
so  would req u ire  an " in te llig e n t"  system . This con versation  theory  
has much to  o f f e r ,  in  my opin ion , for future models o f  th e  Student-CAL 
in ter a c tio n , although I  have n o t considered i t  s p e c i f i c a l ly  in  my 
research .
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1 .4  Review o f  Theories o f  Learning
To understand how CAL programs in flu en ce  learn in g , i t  i s  n ecessary  to  
have an understanding o f  c o g n itiv e  psychology. Seme th eo r ie s  o f  
learning have led  to  the development o f  teaching d e v ic e s , o th ers to  
curriculum inn ovation s and development. Without an adequate 
p sych o lo g ica l theory, the teaching d ev ice  or o th er  innovation  w i l l  
i t s e l f  be inadequate (teaching machines, for example, were found to  be 
inadequate because they were based on Thorndike's Law o f  E ffe c t  
[McKeachie, 1 9 7 4 ]) .
Present th eo r ie s  o f  learning extend from b eh av iou rist view s through to  
the various c o g n it iv e  v iew s.
B ehaviourists b e lie v e  th a t learning occurs as a response to  a 
p a rticu la r  s tim u lu s . In oth er w ord s/ there i s  a stim u lus (S) -  
response (R) bond (a S-R bond). I t  i s  th ese  S-R bends and the way 
other s tim u li a f f e c t  an S-R bend th a t the b eh a v io u rist i s  in te r e s te d  in  
studying.
Cognitive p sy c h o lo g is ts , on the o th er  hand, b e lie v e  th a t much o f  
learning i s  c o n tr o lle d  from w ith in  the bra in . This a c t iv i t y  w ith in  
the brain n o t on ly  in clu d es the ; p ro cess (es ) o f  learn in g , b u t a ls o  
perception and a t t itu d e s . Through learn ing , c o g n it iv e  s tru c tu res  
m ight'be b u ilt^  . . C ognitive th eo r ies  are r e s tr ic te d  t o . learn ing by man, 
whereas the b eh a v io u r ist (or co n n ectio n ist)  th eo r ie s  o f  learn ing  a ls o  
in vo lve  learn ing ty  anim als. C ognitive th eo r ies  see  man being aware 
o f  h i s  environment and being ab le  to  modify so lu tio n s  to  problems where 
and whenever i t  proves necessary  to  do so .
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I  intend to  review  the major learning th eo r ies  and to  comment cn seme 
o f  th e ir  a p p lica tio n s  to  programmed learning and CAL. The major part 
o f  th is  se c t io n  w i l l  be concerned w ith variou s c o g n it iv e  th eo r ies  o f  
learning s in c e  I b e lie v e  th a t they have more relevance to  CAL.
1 .4 .1  B eh aviourist Theories o f  Learning
Watson was among the e a r l i e s t  o f  the b eh av iou rists  ' studying ; both-anim al 
and childhood learning behaviour. He came to  the con clusion  th a t the 
more frequently  or  recen tly  an S-R bond occurs, the more l ik e ly  i t  i s  
th a t a stim u lus-response connection w i l l  be . made. ; A person* w i l l  
produce a co rr e c t S-R p attern  t y  a process o f  t r i a l  and error w h ils t  
trying to  so lv e  a p a r tic u la r  problem. : -Any u n su ccessfu l responses made 
in  attem pt to  so lv e  the problem w i l l  tend n o t to  be repeated , and more 
su c ce ssfu l responses made consequently a l l  the more freq u en tly .
Thorndike h e ld  somewhat s im ila r  view s to  Vfetson. His experim ents were 
carried  ou t m ostly  using anim als such as ch ick en s, c a ts  and dogs. 
They a ls o  showed th a t a problem could be seme tim es so lved  t y  t r i a l  and 
error. Following a su c ce ssfu l attem pt a t  so lv in g  the problem, i t  
often  became e a s ie r  and quicker for  the anim als to  so lv e  th a t problem. 
From th ese  experim ents Thorndike ■ produced .h is  L "laws"d o f  lea rn in g . 
These laws were extrap olated , somewhat inap p rop ria te ly  from anim als to  
man. By rein forcin g  a response t y  g iv in g  some form o f  s a t is f a c t io n  
to  the su b jec t, he found th a t the response was more l ik e ly  to  reappear. 
R ecognition o f  such a phenomenal led  Thorndike to  produce h i s  "Law o f
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E ffect"  which sta ted  th a t s a t i s  fa c tio n  serves to  strengthen or  
re in fo rce  S-R bends.
Thorndike's second law, the "Law o f  E xercise" , was an agreorient w ith  
W atson's fin d in g s. This second law s ta te s  th a t bends are  
strengthened by the same stim ulus-response caning togeth er a number o f  
tim es. However, e x e r c ise  or  p r a c tic e  i s  n ot enough. Thorndike 
b e lie v e s  th a t a  knowledge o f  r e s u lt s  must fo llo w  the response i f  
reinforcem ent i s  to  occur.
Although Watson's and Thorndike's work has a p p lic a tio n  to  programmed 
learn in g , CAI and CAL, the work o f  Skinner has made con sid erab le  
con tr ib u tion s to  th ese  areas o f  learn in g . He observed the behaviour 
o f  anim als i n .»a box which would d e liv er - a  ismall amount o f  food wheh a c 
co rr e c t le v e r  was depressed .
As would be expected fran the work o f  Watson and Thorndike, i n i t i a l l y  
le v e r s  would be depressed t y  the animals t y  chance, or  t r i a l  and erro r . 
T hereafter, however, the e f f ic ie n c y  o f  the animal to  obtain  food 
rap id ly  improved. This behaviour Of the animal he c a lle d  "operant 
con d ition in g" . The animal produces i t s  own reinforcem ent t y  
obtain ing a food p e l l e t  whenever i t  d epresses the co rr e c t le v e r .
Skinner b e lie v e s  th a t i t  i s  n ecessary  to  have "continuous 
reinforcement" (obtaining' a food >p e l l e t *whenever I an«- an im al/p resses.\th ei • " 
c o rr e c t lev er ) in  the e a r ly  s ta g es  o f  con d ition in g ; la t e r  in  the  
con d ition in g  p rocess, when the animal has s a t i s f ie d  seme o f  i t s  d e s ir e  
for  food i t  i s  necessary  to  have " in term itten t reinforcem ent" (when the  
animal sometimes r ece iv es  a reward, and sometimes i t  d o e s n 't ) .
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From th ese  and other experim ents w ith animals and hunans, Skinner came 
to  sev e r a l conclusions about the con d ition s n ecessary  for  learn ing, 
most o f  vh ich  he la te r  app lied  to  programmed learn in g:
( i )  s te p s  in  the learning process should be sh o rt and should grow out  
o f  p rev io u sly  learned behaviour,
( i i )  in  the ea r ly  s ta g es  continuous reinforcem ent should occur, to  be 
la t e r  followed t y  in ter m itte n t reinforcem ent,
( i i i )  a reward should fo llo w  a co rrect response as soon as p o ss ib le  
follow ing i t s  appearance, ..,u .
( iv )  the learn er should be g iv en  an opportunity to  d isco v er  stim ulus  
d iscrim in ation s for  the most l ik e ly  path to  su c ce ss .
1 .4 .2  The C ognitive Theories o f  Learning
1 .4 .2 .1  G e sta lt  Psychology
Wertheimer, one o f  the e a r l i e s t  p sy c h o lo g is ts  to  recogn ise  the  
importance o f  the in te r n a l p rocesses o f  the brain  in  learn in g , belonged  
to  the sch ool o f  G esta lt  psychology. In G e sta lt  psychology, the  
study o f  perception  i s  regarded as being o f  prime importance in  the  
study o f  learn in g . In  h is  s tu d ie s , Wertheimer, observed -that 
" in te llig e n t"  anim als:-silch as' chiirpanzees vohld o ften  so lve' a problem’ 
t y  an apparent " flash  o f  in sp iration "  or " in sigh t" , although they had 
been i n i t i a l l y  trying to  so lv e  the problem t y  t r i a l  and erro r . This 
in s ig h t  in to  the means ty  vh ich  a problem can be so lved  i s  n o t  
recognised t y  the b eh a v io u rists  as being im portant, but for  the G e sta lt
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sch ool i t  i s  o f  u ltim ate  im portance. G e sta lt  p sy ch o lo g is ts  a lso
d i f f e r  from Skinner's b eh a v io u rist th eo r ies  in  th a t they b e lie v e  i t  
b e tte r  to  learn  ty  large  step s  rather than t y  sm all s te p s . By making 
large  s tep s  an o v e r a ll v iew  o f  a "package o f  knowledge" can be taken 
( the ward "Gestalt" meaning "an organised whole") .
A fter  appearing in  the 193 0 's , G esta lt  psychology grad u a lly  dim inished  
in  i t s  g en era l a c c e p ta b ility  in  the 1950's  and 1 9 6 0 's , h i s t o r ic a l ly  to  
be follow ed t y  the b eh av iou rist view s o f  Skinner, fo r  example. In the 
same way, Sk inner's v iew s were found wanting and were replaced ty  
th eo r ie s  o f  learn ing vh ich  "place more' emphasis on the* stru ctu re  and 
functioning o f  the brain .
1 .4 .2 .2  G u ilford ' s  S tr u e tu r e -o f -I n te lle c t  Mode 1 : ■» ■ - 1! ' *
G uilford (1956) described a s t r u c t u r e - o f - in t e l le c t  (SI) model o f  human 
in t e l le c t u a l  a b i l i t i e s .  This he envisaged as th ree-d im en sion al cubic  
model vh ich  contained 120 a b i l i t i e s  f e l l in g  in to  three c a te g o r ie s :
(a) Those concerned w ith  co n ten t -  f ig u ra l,sy m b o lic , sem antic and
b ehaviou ral.
(b) These concerned w ith  op eration  -  co g n itio n  (knowledge), memory,
convergent and d iv erg en t production (reason in g), and e v a lu a tio n .
(c) Those concerned w ith  product -  u n its ,  c la s s e s ,  r e la t io n s , system s,
transform ations and co n fig u ra tio n s .
G uilford concentrated h i s  s tu d ie s  ^mainly on-• t h e : second o f  th ese  
c a te g o r ie s , operation s. The variou s operations were b e liev ed  to  
e x i s t  in  a h ie r a rc h ica l p ro g ression . The most b a s ic  op eration  was 
b eliev ed  to  be co g n itio n , the m ost advanced to  be ev a lu a tio n :
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C ognition Memory Reasoning Evaluation
(B asic
operations)
 >
(Advanced
operations)
Brunty (1978) has remarked on the s im ila r i t ie s  between G u ilford 's  
d e scr ip tio n  o f  operations and Blocm's Taxcncmy o f  Behavioural 
O bjectives (Blocm ,1956).
G uilford considered .in  ,scme d e t a i l  .the p rocesses invplved in  reasoning, a • 
His conception  o f  convergent and d ivergen t reasoning or thinking has 
been found by o th er workers (referred  to  la te r )  to  be a u se fu l means o f  
d escr ib in g  and accounting fo r  the various types o f  stu d en t learning  
a c t iv i t y ,  although ^ a lte r n a tiv e  terms . have been = provided . and; .,the 
concepts extended in  c e r ta in  c a se s . D ivergent production was 
described  t y  G uilford (1967) as:
" . . . t h e  generation  o f  inform ation from g iven  inform ation where 
the emphasis i s  on v a r ie ty  and q u an tity  from the same 
s o u r c e .. .  .Problems requiring d ivergen t production may be 
lo o se  and broad in  th e ir  s o lu t io n s , c r i t e r ia  for  su ccess  are  
vague and may even s tr e s s  v a r ie ty ."
Convergent production he described  as:
" . . . t h e  gen eration  o f  inform ation from g iv en  inform ation , but 
problems involv ing convergent production are r ig o ro u sly  
stru ctu red , w ith  a narrow answer; c r i t e r ia  for  su ccess  in  
convergent production are sharper and more demanding."
I t  can thus be seen th a t a p o te n t ia l fundemental d if fe r e n c e  between
groups o f  peop le  has .been d escr ib ed . Convergent th inkers producing a
lo g ic a l  con clu sion , d ivergen t th inkers producing a number o f  lo g ic a l
p o s s i b i l i t i e s .  I t  has been reported (Hudson, 1966) th a t d if fe r e n c e s
in  occu pational preferences t y  people m ight be accounted fo r  t y  th e ir
preferred  mode o f  th inking. Hudson found th a t young a d u lts  who were
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c la ssed  as d iv erg ers  u su a lly  p referred  a r t  su b jec ts , and th a t those who 
were c la ssed  as convergers u su a lly  preferred sc ien ce  su b je c ts . In 
ad d ition  to  the two ca te g o r ie s  o f  reasoning provided t y  G uilford, 
Hudson provided a th ird , an interm ediate group o f  "all-rounders" . 
I h is  la t t e r  group, in  f e e t ,  he b e liev ed  to  con ta in  the g r e a te s t  
proportion o f  people (40%), whereas the other two groups each wore 
thought to  contain  approxim ately 30% o f  the p op ulation .
1 .4 .2 .3  P ia g e t and Developmental Psychology
I t  was w ith  the work o f  Jean P ia g e t : th a t a -n otab le  -advance: in  [co g n itiv e  in 
psychology, and in  research techniques a sso c ia ted  w ith  developm ental 
psychology, were made. P ia g e t 's  work appears to  have three main areas  
o f  ed ucation al s ig n if ic a n c e :
(a) the matching o f  ed u cation a l m ater ia l to  the " co g n itiv e  stage"  
o f  the c h ild ,
(b) the development o f  s u ita b le  teaching m a ter ia l which 
encourages the c o g n it iv e  growth o f  the c h ild ,
(c) the recogn ition  th a t learn ing should be an a c t iv e  p rocess for  
the c h ild  and th a t the teacher should be a  f a c i l i t a t o r  o f  
lea rn in g .
-  38 -
P ia g et vas concerned w ith  the developing c o g n itiv e  stru ctu res vhich  
change w ith  the age o f  the in d iv id u a l as they pass through childhood to  
adolescence and adulthood. The course o f  c o g n itiv e  development i s  
seen as h ie r a r c h ic a l and p a r tit io n ed  in to  major developm ental epochs 
known as s ta g e s , or  as P ia g e t apparently (F la v e l l ,  1963) preferred  them 
to  be d escrib ed , p er io d s.
The periods are o f:
( i )  sensory-m otor in te llig en ce ,n o r m a lly  to  be found occurring between 
the ages o f  0 to  2 y ea rs ,
( i i )  preparation for and organ isa tion  o f  concrete op era tio n s, norm ally 
to  be found occurring between • the ages o f  2 to  11 y e a r s . 
Ccmmonly, th is  period o f  development i s  subdivided in to  a period  
o f  p re-con crete  operations and one o f  concrete o p era tio n s .
( i i i )  formal op erations, norm ally to  be foundyoccurring.betwa'en t h e ;ages 
o f  11 to  15 y ea rs .
Each period i s  ch aracterised  as contain ing an i n i t i a l  period  o f  
preparation and a f in a l  period o f  achievem ent. During the  
preparation p eriod , the stru c tu res  d e fin in g  the period are being formed 
and organised . During a preparatory period the in d iv id u a l's  
behaviour i s  u n stab le . However, gradu ally  the variou s s tru c tu res  
become more t ig h t ly  in teg ra ted , organised and s ta b le , and the f in a l  
period o f  achievem ent, a phase o f  equ ilibrium , i s  a tta in e d .
The c o g n itiv e  process i s  slow  and gradual. An in d iv id u a l can 
a ss im ila te , or construe, those th in gs vhich p a s t a s s im ila t io n s  have 
prepared him /her to  a s s im ila te . There must be seme s o r t  o f  
organ isation  vhich  "makes the un fam iliar fa m ilia r" . A new 
a ssim ila to ry  stru ctu re  must always be same v a r ia n t o f  the l a s t  one
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acquired much in  the same way as a new s c i e n t i f i c  theory vhich  accounts 
for  anomalies n o t explained by previous th eo r ie s , i s  o ften  a v a r ia n t o f  
those previous th e o r ie s . These a ss im ila to ry  stru ctu res P ia g et c a lle d  
schemata. One im portant c h a r a c te r is t ic  o f  schemata i s  th a t they have 
a tendency toward repeated a p p lic a tio n . Schemata are always 
extending th e ir  f ie ld  o f  a p p lic a tio n .
A ctions performed by the in d iv id u a l c o n s t itu te  the substance o f  an 
in t e l le c t u a l  adaption . In in fan cy , during the period o f  sensory-m otor 
in t e l l ig e n c e ,  the a c tio n s  are r e la t iv e ly  o v ert. As development o f  
the in d iv id u a l takes p la ce , the in t e l l ig e n t  a c tio n s  became 
p ro g ress iv e ly  in te r n a lise d  and c o v er t. In oth er words, the c o g n it iv e  
a c tio n s  gradually  became more schema t i c  and a b stra c t, or  in te r n a lis e d .  
The schemata became broader In  range,’ and'. organised  in to  system s, or  
op eration s, vh ich , according to  P ia g e t, are s tr u c tu r a lly  isom orphic to  
lo g ic o -a lg e b r a ic  system s.
I t  i s  thus obvious th a t, according to  P iagetian  theory, the behaviour 
o f  the in d iv id u a l can be explained d if f e r e n t ly  during th e ir  period  o f  
c o g n itiv e  development. The p re-o p era ticn a l c h ild  tends to  operate  
s o le ly  in  terms o f  the phenomenal, be fo re - th e-eye r e a l i t y .  The 
ccn crete-q p eration s c h ild  i s  beginning to  extend h is  thought from the 
a ctu a l to  the p o te n t ia l, by a p rocess o f  ex tra p o la tio n . "The p o s s ib le  
i s  a sp e c ia l case  o f  the r e a l" . The formal op era tio n a l c h ild  
d e lin e a te s  a l l  p o s s ib le  e v e n tu a lit ie s  and t r ie s  to  d isco v er  vh ich  o f  
these p o s s ib i l i t i e s  r e a lly  do occur in  the p resen t d a ta . "The r e a l  
becomes a s p e c ia l case  o f  the p o s s ib le " .
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The way th a t a ch ild  thinks appears to  develop through d i s t in c t  s ta g es  
as s /h e  grows up. The P iagetian  n otion  o f  a h ie r a rc h ica l development 
o f  ch ild ren  through c er ta in  d efin ed  sta g es  has been q u estion ed ,notab ly  
by Brown and D esforges (1979). These authors b e lieved  th a t any 
h ie r a rc h ica l notion  must be examined for  conceptual lin k s p r io r  to  any 
em pirical in v e s t ig a t io n s . This P ia g e t and h is  co-workers d id  n o t do. 
Brown and Des forges b e liev ed  th at:
" P iaget's  claim  for  a h ie r a r c h ic a l sequence o f  development may 
be a d e f in it io n a l  cla im . The claim  i s  so . Any 
d iscrep a n cies  found must be a ttr ib u ted  to  method problems or  
performance v a r ia b i l i t y .  They cannot be taken se r io u s ly  in  
appraising the claim  or  reappraising i t s  b a s is ."
So why has P ia g et found i t  n ecessary  to  formulate a "stage" theory or  
model o f  c h ild  development? The a lte r n a tiv e  model to  a sta g e  model 
must be a model vhich view s development as being a continuous p ro cess . 
A process in  vhich s k i l l s  are tr ie d  and te sted  over a period o f  tim e, 
and grad u ally  incorporated in to  the s to re  o f  p rev io u sly  " tried  and 
tested" s k i l l s .  Such a process would be "smooth" vhen viewed over a  
p>eriod o f  yea rs , or even perhaps months. I t  i s  d i f f i c u l t  to  see  
marked changes in  the d isp la y  o f  achievem ent o f  c o g n itiv e  s k i l l s  u n less  
such a c t i v i t i e s  o f  the ch ild ren  are ccmpared over a s u f f i c ie n t ly  long 
period o f  time for  a s ig n if ic a n t  change to  have taken p la ce  in  th a t  
c h ild . P ia g e t, according to  F la v e ll  (1963), takes for granted the  
f e e t  th a t considerab le  c o n tin u ity  l i e s  behind or beneath the sequence 
o f  s ta g e s . He thus admits th a t behind the behavioural co n fig u ra tio n  
d efin in g  cne stage  and th a t d e fin in g  the next sta g e  above, one can 
u su a lly  d iscern  a number o f  interm ediary, tr a n s it io n a l s te p s .
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"The degree o f  c o n tin u ity , the number o f  such interm ediary  
s te p s , v a r ie s  considerab ly  w ith  the con ten t stu d ied , the 
frame o f  referen ce o f  the experim enter e t c . ,  and i s  n o t in  
i t s e l f  a problem o f  primary importance for the developm ental 
p s y c h o lo g is t ."
A change in  " cogn itive  lev e l"  as observed by a P iagetian  p sy c h o lo g is t  
i s  an a r te fe c t ,  a product o f  P iagetian  man, on ly  seen vhen a c h i ld 's  
development i s  observed over sev era l occasions covering a s u f f i c ie n t  
period o f  tim e, and vhen the c h i ld 's  behaviour i s  observed for  
p a r ticu la r  predetermined a c t i v i t i e s  or s k i l l s  (D river, 1978). A 
" s u ff ic ie n t  period o f  time" i s  th a t vh ich  a llow s a development o f  th ese  
predetermined c o g n itiv e  s k i l l s  to  take p la c e .
There i s  a g r e a t  s im ila r ity  between the way P iagetian s view  c o g n it iv e  
development in  ch ild ren , and the way e c o lo g is t s  v iew  the development o f  
a "new" ecosystem , such as a sand-dune on the c o a s t  developing  
even tu a lly  in to  e ith e r  a woodland or a heath land.
In ecology, such an ecosystem  i s  seen to  become more complex w ith  tim e, 
and changes in  a s e r ie s  o f  "successions" vhich  are brought about by the  
p la n ts  them selves in  th a t ecosystem . The way in  vhich  e c o lo g is t s  v iew  
th ese changes i s  g iv e n , for  example by Maurice Ashby (1963):
"Our understanding o f  v eg eta tio n  i s  g r e a t ly  helped i f  we can 
recognise a community as a sta g e  in  a p a r tic u la r  su ccessio n  
or s e r e . We can then form id eas about i t s  p a s t  
h is t o r y . . .  .about the d ir e c t io n  in  vhich  i t  i s  l ik e ly  to  
change in  the fu ture, and how the course o f  th ese  changes can 
be d e fle c te d  by human in te r fe r e n c e . Such inform ation may 
be very im portant in  app lied  eco logy , where land u t i l i s a t io n  
i s  under co n sid era tio n .
Of course the progress o f  a sere  i s  o ften  so  slow  th a t  the  
sequence o f  changes must be p a r t ly  b u i l t  on h y p oth esis; by 
putting togeth er in  order the d if f e r e n t  communities regarded  
as sta g es  in  the ser e , l ik e  using a number o f  snapshots to  
reconstruct' the sequence in  a square dance."
(pages 163-4)
-  42 -
(se c tio n  1 .4 .2 .3 )
Here, in  the d e scr ip tio n  o f  the concept "sere", ve can see  s im ila r it ie s  
w ith the approach adopted by P ia g et and P ia g etia n s , namely:
( i )  That understanding o f  a "system" can be helped by recogn ising  
communities (groups o f  s k i l l s ) .
( i i )  That an understanding o f  the "system" can lead to  the sy n th es is  o f  
a model vhich  can then be used in  a v a r ie ty  o f  ways. Such a use  
o f  the P iagetian  model has been the work o f  Michael Shayer (1981) 
vho has used the model in  developing a theory for  use in  sc ie n c e  
teaching and for  the production o f  forms o f  in s tr u c tio n  o f
p o te n tia l use in  c o g n it iv e  a cce lera tio n  (th e  a c ce le ra tio n  o f  a 
student from one c o g n it iv e  le v e l  to  a h igh er o n e ) . This work o f  
Shayer w i l l  be d escribed  b r ie f ly  in  Chapter 11.
( i i i )  That the sequence o f  changes i s  p a r tly  b u i l t  on h y p o th esis , th a t  
i s  by p u ttin g  togeth er  the d if fe r e n t  "communities" regarded as  
sta g es  in  the "sere". S era i s ta g es  are recognised by e c o lo g is t s  
by the "dominance" o f  a p a r tic u la r  p la n t sp e c ie s  in  the ecosystem . 
The dominant sp e c ie s  i s  the m e  th a t i s  exertin g  the m ost
in flu en ce  on the o th er sp e c ie s  w ith in  th a t ecosystem . However, 
P iagetian  s ta g e s , u n lik e  s e r a i s ta g e s , are determined by the
emergence, and p e r s is te n c e , o f  a new type o f  s k i l l  seen as  being  
more "superior", for  example more a b stra c t in  the case  o f  the  
stage  o f  formal op era tion s, than previous s k i l l s .  P ia g e tia n s  
are view ing the c o g n it iv e  development o f  a c h ild  through an 
"epistem ic tube", in  o th er  words they are m erely concerned w ith  
cer ta in  predetermined c o g n it iv e  s k i l l s .  Brown and Des forges  
(1979) take P ia g e t 's  formal d e scr ip tio n s  a s  a "model o f
competence" and n ot a p sy ch o lo g ica l theory.
(se c tio n  1 .4 .2 .3 )
The s ta g es  are meant to  be a means to  an end o f  understanding the 
developm ental p ro cess . F la v e ll  suggested i t  i s  a way o f  
ab stractin g  h ig h lig h ts  w ith in  seme frame o f  referen ce, from a 
panorama o f  gradual change.
"D ifferen t th e o r is ts  w i l l  n a tu ra lly  d i f f e r  somewhat in  the 
sta g es  they p o s it ."
Brown and D esforges (1979) emphasise th at:
" . . . . t o  m aintain th a t a c h ild  i s  in  a p a r ticu la r  sta g e  i s  n o t  
p a r tic u la r ly  h e lp fu l u n less  you know on what tasks the  
assessm ent was made, and whether the tasks were adequate to  
make assumptions o f  a g en era lised  a b i l i t y ."
(p .114)
The com plexity o f  the ta sk  presented to  the researcher demands th a t  
seme economy be made in  h is  ob servation s. These observation s  
normally being made o f  behaviour expected or p red icted  by a p a r tic u la r  
model.
Whether a sta g e  model o r  a model o f  continuous development i s  a more 
accurate rep resen ta tion  o f  c o g n itiv e  development i s  im portant in  
curriculum development. P iagetian  "stage theory" can r e s u lt  in  a 
p r e sc r ip tiv e  form o f  education  in  th a t the progress o f  a c h i ld 's  
education w i l l  be based on those co n tex ts  and c h a r a c te r is t ic s  seen as  
re lev a n t in  d efin in g  a s ta g e . This a sp ect o f  P ia g e t 's  work o fte n  
obscures more im portant a sp ects  o f  P ia g e t's  work, e s p e c ia l ly  th ose  
concerned w ith encouraging conceptual growth through the use o f  
su ita b le  teaching m a ter ia ls  , and w ith  recognising the stu d en t a s  an 
a c t iv e  p a r tic ip a n t in  the learning p ro cess .
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P ia g e t 's  th eo r ie s  o f  c o g n it iv e  development do n o t account for the  
process o f  learn in g , th a t  i s  the p rocesses o f  a ss im ila tio n  and 
accommodation. I t  m erely, for  example, d e scr ib es  the r o le  o f  th ese  
two p rocesses during a tr a n s it io n  period between one sta g e  and the 
n ex t.
1 . 4 . 2 . 4  N eo-P iagetian  Psychology
Pascual-Leone (1976) s ta te s  th a t the c o n f l ic t  th a t e x i s t s ,  for  example 
in  the in ter p r e ta tio n  o f  P ia g et-ty p e  data and the determ ination  o f  the 
c o g n itiv e  s ta g es  o f  ch ild ren , can be resolved by th e u se o f  the id e a  o f  
performance ca teg o r ie s  a s  functions o f  underlying competence which are 
dependent upon co n tex t fo r  th e ir  dem onstration.
Pascual-Leone, perhaps more im portantly, a ls o  developed a model o f  the  
mental processing  ca p a c ity  o f  the c h ild  (Pascual-Leone, 1970). In 
th is  model he proposes th a t  s ta g e  stru ctu re  and e q u ilib r a t io n  should be 
regarded as q u a n tita tiv e  co n stru cts  involv ing inform ation  storage  and 
processing ca p a c ity . In th is  model, a "stage" i s  seen  as an a b stra c t  
stru ctu re . Pascual-Leone b e lie v e s  th at th is  would a llo w  in t e l le c t u a l  
development to  be seen as an ord in a l s c a le  w ith  the o th er  dim ension  
being the in  forma t io n a l com plexity o f  a g iven  ta sk  as  perceived  by the 
in d iv id u a l. This a llow s a p a r tic u la r  sta g e  to  be referred  to  by the  
amount o f  inform ation th a t could be handled a t  any one tim e.
(se c tio n  1 .4 .2 .4 )
Brown and Des forges (1979) are uncertain as to  whether Pascual-Leone1 s  
theory a c tu a lly  i s  an advance on P ia g e t's  theory, although i t  does 
attem pt to  exp la in  co n tra d ic tio n s in  the a n a ly s is  o f  em pirical s tu d ie s .  
W ith in -stage development o f  ch ild ren , according to  Pascual-L eone's 
model, i s  a b eh av iou rist model. Performance (response) a t  any stage  
i s  seen  as being co n tro lled  by the amount o f  inform ation vhich  has been 
processed (s tim u lu s). However, Brown and Des forges b e lie v e  th a t  
Pascual-L eone's model i s :
" . . .  .a  h ig h ly  premising development o f  P ia g etia n  theory vhich  
can account for  much o f  the challenging d a t a . . . ( e g .  th a t on 
s ta g e  h e tero g en eity , h o r iz o n ta l d eca lage, and precocious  
behaviours)."
because i t :
" . . . . o f f e r s  a m aturational com ponent..., an inform ation  
p rocessing  o r ien ta tio n  to  task  a n a ly s is  and behavioural 
productions, a dimension for  handling an im portant a sp ect o f  
in d iv id u a l d if fe r e n c e s , and an account o f  scheme a c q u is it io n  
vh ich , w h ils t  apparently b eh av iou rist, takes in to  account the 
s tr u c tu r a l co n stra in ts  as 'hardware' lim ita tio n s ."
1 . 4 . 2 . 5  Other Theories o f  C ognitive Structure
Here, I  want to  look a t  seme o f  the th eo r ies  o f  c o g n it iv e  stru ctu re  
th a t I  th ink have importance for  th ese s tu d ie s . I do n o t intend to  
review  a l l  the major th eo r ie s  o f  co g n itiv e  s tr u c tu r e . The th eo r ies  
th a t I  w i l l  look a t  are seme o f  those vhich  attem pt to  look a t  the 
nature o f  knowledge, the way i t  i s  stored  in  memory, and th e ir  
a p p lica tio n  to  teach ing. These th eo r ies  in clu d e the work o f  Ausubel, 
Gagn6, Vinacke, Pask and lochhead. Much o f  P ia g e t 's  work which I  
described  in  1 . 4 . 2 . 3  i s  concerned w ith the co n stru ctio n  o f  knowledge by 
the in d iv id u a l, and i s ,  th ere fo re , re la ted  to  the work I  intend to  
review  in  th is  se c t io n .
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Ausubel (1968) in  h i s  "subsumption model" b e lie v e s  knowledge to  be
acquired in  a gen era l to  s p e c if ic  d ir e c t io n . In th is  model, an
in d iv id u a l's  c o g n itiv e  stru ctu re  i s  regarded as  the main fee  tor  
in flu en c in g  meaningful learn ing and thus the re ten tio n  o f  knowledge. 
Ausubel b e lie v e s  th a t i f  a co g n itiv e  stru ctu re  i s  " clear, s ta b le  and 
su ita b ly  organised" i t  w i l l  r e s u lt  in  the emergence o f  "accurate and 
unambiguous meanings". On the other hand, i f  the c o g n it iv e  stru ctu re  
i s  "unstable, ambiguous, d isorgan ised , or c h a o t ic a lly  organised , i t  
tends to  in h ib i t  meaning fell learning and reten tio n " .
Ausubel b e lie v e s  th a t, in  the p a st , th eo r ies  had fa ile d  to  recogn ise  
the importance o f  the c o g n itiv e  stru ctu re  v a r ia b le s . These th eo r ies
had been preoccupied w ith  non cogn itive , ro te  and motor kinds o f
learn ing which had resu lted  in  a tten tio n  being focused on s itu a t io n a l  
and in tra p erso n a l’ fee  to rs  such " as p r a c tic e , d r iv e , in c e n tiv e  and 
reinforcem ent v a r ia b le s .
The im portant p art in  th is  model th a t c o g n itiv e  s tru c tu re  p lays in  the  
learning p rocess i s  th e  e x is te n c e  o f  s p e c i f ic a l ly  r e le v a n t anchoring 
id e a s . These anchoring id eas a llow  new and lo g ic a l ly  m eaningful 
m ater ia l i s  to  be learned and reta in ed . In o th er  words, the new 
m ater ia l i s  subsumed w ith in  an e x is t in g  s tr u c tu r e . I f  such a 
stru ctu re  does n ot e x i s t ,  then the on ly  a lte r n a t iv e  i s  ro te  learn ing  
vhich  can lead  to  ambiguous meanings.
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Ausubel proposed th a t i t  i s  n ecessary  to  introduce su ita b le  "advance 
organisers" presented in  advance o f  the learning m a ter ia l. Such 
advance organ isers are o f  a h igh  le v e l  o f  g e n e r a lity  and may take the 
form o f  a summary o f  the m ater ia l ( i f  the new m ater ia l was com pletely  
new and n o v e l) , or the way i t  d i f f e r s  and i s  s im ila r  to  knowledge 
already subsumed w ith in  the c o g n it iv e  stru c tu re .
Gagn6 (1962) ,  l ik e  Ausubel, b e lie v e s  i t  necessary  to  p resen t new 
learn ing m a ter ia l in  an organised and m eaningful co n tex t. According 
to  Gagne's th eo r ie s , both knowledge and s k i l l s  are structured  in  a 
h ie r a r c h ic a l manner but in  a s p e c i f ic  to  g en era l, or  in d u ctiv e , 
d ir e c t io n . Each s k i l l  i s  seen  as having a s u b s k il l  or  a number o f  
s u b s k il ls  p r e re q u is ite  to  i t .
A p o in t to  note  about th ese two th eo r ie s  i s  th a t knowledge i s  reta ined  
on ly  i f  i t  i s  / ' m e a n i n g fu l" . - Johnson (1980) described  m eaningful
learn ing a s:
" . . . t h e  r e la t io n sh ip  o f  new inform ation to  e x is t in g  
knowledge."
In th is  quotation  there i s  an acknowledgement o f  the r e la t io n sh ip  
between e x is t in g  and new knowledge th a t  th ese  two models p o s i t .
A comparison o f  the Gagn6 and Ausubelian models o f  learn ing lead s one 
in to  the argum ent as to  whether learn ing occurs through in d u ctiv e  and 
dedu ctive p ro cesses . Gagne's model i s  ccrnpa ta b le  w ith  in d u ctiv e  
p ro cesses , Ausubel*s model w ith  d ed u ctive  p r o c esses .
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The arguement for and a g a in st each o f  th ese  p rocesses occurs n o t on ly  
in  c o g n itiv e  psychology, but a ls o  in  p h ilo sop h ies o f  s c i e n t i f i c  
methodology. Popper (1980) d en ies  the ex isten ce  o f  in d u ction , 
in d u ctive  p rocesses or in d u ctive  in feren ces , and would thus argue 
a g a in st a sp e c if ie - to -g e n e r a l model o f  the structuring  o f  knowledge as  
proposed by Gagnfe. Popper argues th a t i t  i s  p o s s ib le  t y  means o f  
purely  dedu ctive in feren ces to  argue from the truth  o f  s in g u la r  
statem ents to  the f a l s i t y  o f  u n iv ersa l statem ents.
Popper does n o t d escr ib e  the mechanism or mechanism t y  vh ich  hypotheses  
are produced in  the mind o f  the s c i e n t i s t  creatin g  new s c i e n t i f i c  
knowledge. Popper sees  the a c t  o f  crea tio n  o f  new knowledge (a h igh  
c o g n itiv e  le v e l  process in  Bloom's h ierarch y  [Bloom, 1956j ) as one which 
n e ith er  c a l l s  for  lo g ic a l  a n a ly s is  nor to  be su sce p tib le  o f  i t .  
However, th is  i s  one o f  the very  a c t i v i t i e s  th a t the c o g n it iv e  
p sy ch o lo g is t i s  attem pting to  understand. Popper b e lie v e s  th a t every  
d iscovery  conta ins an ir r a t io n a l elem ent or  a " creative  in tu it io n " .  
C.S. P eirce (Fhnn, 1970), on the o th er  hand, see s  " creative  in tu it io n s"  
capable o f  a t  le a s t  p sy ch o lo g ica l exp lanation  in  th a t they are  
reasonable hypotheses.
As a means o f  overcoming the dichotomy o f  Ausubelian and Gagn6-type 
models o f  learn in g , i t  might be b e n e f ic ia l  and fr u it fu l  to  a ccep t, a t  
le a s t  in  p a rt, V inacke's v iew . Vinacke (1952) comments th a t  
deduction i s  o ften  the on ly  observab le process in  formal s y l l o g i s t i c  
s itu a t io n s . He b e lie v e s  i t  m ight be b e tte r  to  regard deduction  and 
induction  as m utually operating a c t i v i t i e s .  The in d u ctiv e  p ro cesses  
may be used to  c o l l e c t  evidence r e le v a n t to  the h y p o th e s is . A fter  
appropriate a n a ly s is  o f  the d ata , a g e n e r a lisa t io n  may be reached which
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e ith e r  supports or r e je c ts  the o r ig in a tin g  h y p o th esis . Deduction, 
Vinacke h y p o th es ise s , may be introduced a t  any p o in t along the l in e .  
Concept formation, he b e lie v e s , can thus use both induction  and 
dedu ction .
Arguements a g a in s t  ind uction  being a v a lid  means o f  concept formation  
are o ften  based on the b e l i e f  th a t observations are theory-laden  
a c tio n s . Observations are in terp reted  based on our p a s t  ex p er ien ces . 
To p erce ive  one must s e le c t  even ts or o b je c ts . P rior  experiences may 
teach one th a t i t  i s  u se fu l or  f r u it fu l  to  attend to  a p a r tic u la r  even t  
or o b jec t in  a  p a r tic u la r  co n tex t. Thus the formation o f  a 
r e la t io n sh ip  between two su c ce ss iv e  even ts may occur because two 
s im ila r , su ccess iv e  events have been seen  to  p rev io u sly  occur in  c lo s e  
proxim ity e ith e r  in  space or tim e. I t  has thus been found f r u it f u l  
to  r e la te  even ts th a t occur in  such c lo s e  proxim ity . However, 
r e la t io n sh ip s  so  formed may n o t always be v a l id .  Deduction and 
h y p o th e s is - te s tin g  may be im portant checks o f  the v a l id i t y  o f  co n cep ts .
Vinacke sees  learn ing and thinking as  two sep arate  p r o c e s se s . 
Learning he b e lie v e s  precedes th in k in g . Learning su p p lie s  the  
m a teria ls  and the forms o f  th in k in g . Thinking, h e  b e lie v e s  i s  
p erson a lised  being su b jec t to  the p ro p erties  o f  the in d iv id u a l's  
c o g n itiv e  stru ctu re  which has developed according to  the numerous and 
various p a s t experiences o f  th a t in d iv id u a l.
(sec tio n  1 .4 .2 .5 )
I t  can be argued th a t the s tu d en t's  e x is t in g  conceptual stru ctu re  or  
knowledge base should form the s ta r tin g  p o in t from which variou s  
learn ing experiences w i l l  progress. Such a v iew poin t i s  held  by the  
c o n s tr u c t iv is t  movement.
Learning can be viewed according to  a b ip o la r  co n stru ct where the p o le s  
are p a ss iv e  and a c t iv e  forms o f  learn in g . The c o n s tr u c t iv is t  n otion  
o f  learning o r ig in a te s  in  Personal Construct Psychology (K elly , 1955). 
According to  th is  n o t io n , learning i s  a " su b jective , person al, a c t iv e ,  
r a tio n a l and em otional a ffa ir"  (Pope and Keen, 1981). This v iew  i s  
op p osite  to  the b eh a v io u rist v iew , for example, where learning i s  seen  
to  be the r e s u lt  o f  th e transm ission o f  v iew s, b e l ie f s  and knowledge to  
a p a ss iv e  r e c ip ie n t .
According to  the tr a d it io n a l v iew , learning i s  the accum ulation o f  
fa c ts , the in te r r e la t io n sh ip s  and relevance o f  which may be seen  a t  a  
la te r  tim e. Cons true t i v i  s  t s  regard learning as the crea tio n  o f
personal in ter p r e ta tio n s  o f  the r e a l w orld. Each person crea te s  th e ir  
own s e t  o f  in te r p r e ta t io n s . S ince the co n stru ct frameworks are  
in d iv id u a lis t ic ,  th is  n o tion  o f  learning has been c a lle d  "con stru ctive  
a lte m a tiv ism " . However, the nature o f  our in ter p r e ta tio n s  are n o t  
fixed  but can be changed i f  the in d iv id u a l b e lie v e s  i t  to  be n ecessa ry . 
A p erson 's con stru cts  can thus be regarded as hypotheses in  th a t they  
can e ith e r  be refu ted  or m aintained according to  the inform ation  
obtained t y  the in d iv id u a l. The purpose o f  th ese  co n stru c ts , a s  w ith  
s c i e n t i f i c  hypotheses, i s  to  p r e d ic t  and ex p la in .
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In applying the c o n s tr u c t iv is t  view  to  the teaching s itu a t io n  means 
th a t i t  i s  necessary  fo r  the teacher to  understand the stud en ts' 
b e l ie f s  or co n stru c ts . I t  means th a t there should be a conversation  
between "expert" and "novice" in  order th a t th ese b e l ie f s  can, in  the 
f i r s t  p la ce  be understood, and for  conceptual s h i f t s  to  be encouraged. 
Pask (1976a) sees learn ing as having taken p la ce  when agreement has 
been reached between the p a r tic ip a n ts  in  the learning exp erien ce. 
These p a r tic ip a n ts  may be teacher and student, but may eq u a lly  w e ll be 
computer and student, s tu d en t and student e t c .  Thus, in  such a 
s itu a t io n , the stu d en t w i l l  d ic ta te  the d ir e c t io n  in  which learning  
w i l l  tak e .
I f  in d iv id u a ls  are recognised  as being a c t iv e  p a r tic ip a n ts  in  th e ir  own 
learn in g , the "teacher" m ight have to  change h is /h e r  r o le  to  one o f  
mentor, tu tor  or coach or  f a c i l i t a t o r  o f  lea rn in g . One p a r tic u la r  
d i  f  f ic u l t y  many u teachers have in  -providing such - a  learning' ‘environment 
i s  in  not understanding why stud en ts make c e r ta in  m istakes or have 
m isunderstandings because:
"What i s  seen through the p u p ils  o f  the tea ch er 's  eyes can be 
so  d if fe r e n t  from what i s  seen through the eyes o f  the  
tea ch er 's  p u p ils ."  (Machines,1981)
I t  i s  on ly  by understanding what each o th e r 's  b e l i e f s  (co n stru cts) are
th a t in flu en ce  can be brought to  bear to  cause a change in  a p erso n 's
in terp re ta tio n  o f  the r e a l  world.
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The computer has been used as a model o f  the brain and i t s  functioning  
in  an attem pt to  understand the c o g n itiv e  p rocesses th a t take p la ce  
during learn in g . The analogy between the computer and the brain i s  a 
common one nowadays.
A nalogies between tech n o lo g ica l in ven tion s t y  man and p a rts  o f  the 
human body i s  n o t unique, a s  Jonathan M iller  (1978) in d ic a te s :
" . . . t h e  development o f  technology created a new sto ck  o f  
metaphors -  n o t sim ply ex tra  metaphors, but ones a lto g e th er  
d if f e r e n t  in  th e ir  lo g ic a l  c h a r a c ter .. .  .By mechanising h is  
p r a c t ic a l world, man in ad vertan tly  paved the way to  the  
m echanisation o f  h i s  th e o r e t ic a l world.
The su ccess o f  modem b io lo g y  is '  n ot a lto g e th er  due to  the  
technology w ith  vh ich  we pursue i t ;  the number o f  te c h n ic a l  
images we now have fo r  thinking about i t  p la y  an alm ost 
eq u ally  important p a r t. . . . t h e y  have in c id e n ta lly  provided  
con jectu ra l models for  exp la in ing the fu nctions o f  the human 
body." ..
(pages 181-2)
In a s im ila r  way the computer has become, a t  l e a s t  in  c e r ta in  areas, a  
convenient way o f  d escrib in g  the b ra in . More s p e c i f ic a l ly ,  in  the  
area o f  A r t i f i c ia l  I n te ll ig e n c e , computer programs are being w r itten  in  
an a tten p t to  r e p lic a te  and emulate the p rocesses o f  the b ra in . 
Lochhead (1979a) has remarked th a t computer sim u lation s o f  thought and 
c l in i c a l  in terv iew s have produced s tr ik in g ly  s im ila r  c o n c lu s io n s . 
These conclusions are o f  the important r o le  th a t e x is t in g  knowledge 
p lays in  determ ining how experience i s  p erceived , and hence in  how new 
knowledge i s  constructed .
Lochhead view s learning in  a s im ila r  v e in  to  c c n s t r u c t iv is t s ,  th a t i s  
the stud en t i s  seen as an a c t iv e  p a r tic ip a n t in  the learn ing p ro cess , 
and the most e f f e c t iv e  r o le  o f  the teacher i s  one o f  tu to r  or  coach to  
h e lp  the student to  develop  th e ir  own knowledge system s. I t  would 
seem p o s s ib le , When computer technology becomes even more advanced and
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more "powerful" for than to  take on sane o f  the d u tie s  o f  tu tor  or  
coach when su ita b ly  programmed. I t  would n o t on ly  mean th a t the  
program would have to  be v e r s a t i le ,  but a ls o  in t e l l ig e n t  in  th a t i t  
would need to  model the knowledge, and perhaps the c o g n it iv e  s t y le ,  o f  
a stu d en t in  a vay - s im ila r  to  th a t o f - a  sym pathetic teacher. The 
meaning o f  Computer "Managed" Learning would thus be d if f e r e n t  from the 
present-day meaning 1
A r t i f i c ia l  I n te ll ig e n c e  has been described  as " th eo r e tic a l psychology". 
However, how near to  the a c t iv i t y  o f  the human brain  the behaviour o f  
the computer models are, or  can became, i s  d i f f i c u l t  to  en v isage. 
Even i f  the outcome o f  the program i s  id e n t ic a l  w ith  the outcome o f  a 
human brain in  a s im ila r  s itu a t io n , i t  would be d i f f i c u l t  to  say th a t  
the p rocesses in  both were,- or wore n o t, the same. L .M iller  (1978) 
has c r i t ic i s e d  a r t i f i c i a l  in t e l l ig e n c e  for th is  v ery  reason, th a t i s ,  
because th is  area o f  research  has n o t produced theories^w hose adequacy 
can be te s ted  ty  em pirica l research .
Supporters o f  a r t i f i c i a l  in t e l l ig e n c e ,  however, m ight argue th a t i t  
does a llow  rep resen ta ticn s , or  m odels, o f  human problem -solving  
a c t iv i t i e s  to  be te s ted  and used to  a id , for  example, the d ia g n o sis  o f  
learn ing d i f f i c u l t i e s .  Such a model might thus h e lp  to  produce 
remedies o f  a stud en t's?b eh aviou rcin  a learning s i t u a t io n . Models do  
n o t always have to  be an accurate r e p lic a  o f  a p ro cess , they m erely  
have to  be u se fu l in  a p a r tic u la r  c o n tex t.
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Sane o f  the fin d in gs o f  s tu d ie s  in  a r t i f i c i a l  in t e l l ig e n c e  m ight thus 
prove u se fu l in  the d esign  and constru ction  o f  CAL programs to  a llo w  a 
f l e x i b i l i t y  o f  program u se, but one vherety guidance can be provided  
according to  the way the program i s  being used. Thus a r t i f i c i a l  
in te l l ig e n c e  can be extended in to  the f ie ld  o f  "expertise" and "expert 
system s". I  w i l l  consider th ese  two concepts in  the n ex t se c t io n  o f  
th is  chapter.
1 .4 .2 .6  E xp ertise  -  The Purpose o f  Education?
In education we are concerned w ith  producing in  our p u p ils  a, number o f  
d es ira b le  c h a r a c te r is t ic s .  That i s  to  say each education  system  has a 
number o f  broad education al o b je c t iv e s . Of course, such ed u cation al 
o b jec tiv e s  may d i f f e r  q u ite  considerab ly  w ith  the p h ilo so p h ic a l  
view point o f  the adm inistrators o f  the system . One obvious 
o b je c tiv e , common to  many, i f  n o t a l l ,  p h ilo so p h ica l v iew p o in ts, i s  
th a t the in d iv id u a l becomes knowledgeable in  a number o f  su b jec t a rea s .
Larkin (1979) has looked a t  what makes an expert, and how in d iv id u a ls  
become ex p ert. He b e lie v e s  th a t exp erts have much knowledge which i s  
t a c i t  (re ferr in g  to  ' P o la n y i1 s  , cdncept ’ o f  ' t a c i t  knowledge' 
[P o la n y i,1 9 6 9 ]) . T a c it knowledge, o f  course cannot be passed on to  
in d iv id u a ls  l e s s  exp ert oth er than t y  the expert being cop ied , mimicked 
or modelled t y  the n o v ice . Such m odelling o f  the ex p ert can take 
p lace  t y  observing the e x p e r t 's  a c tio n s  and behaviour and then 
attempting to  d u p lica te  th ese a c t io n s .
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Larkin se e s  e x p e r t ise  as the a c q u is it io n  o f  so p h istica ted  and complex 
"action and condition" u n its . Each u n it  c o n s is t  o f  an a c tio n  and the  
s p e c if ic  co n d itio n s under vhich th a t a c tio n  can he taken, and as such 
are s im ila r  to  Kemmis' " fun ction al structures"  (Kemmis, 1977b).
The response o f  experts and n ov ices  to  a  problem w i l l  be d if f e r e n t .  
Larkin (1979) exp la in s th a t exp erts i n i t i a l l y  use a lo w -d eta iled , o ften  
vague reasoning followed ty  more d e ta ile d  reasoning. They appear to  
r e c a l l  g en era lised  p r in c ip le s . N ovices, on the oth er hand, a ccess  the  
in d iv id u a l p r in c ip le s . N ovices appear to  have the im pression th a t  
q u a lita t iv e  reasoning i s  an i l le g i t im a t e  a c t iv i t y  in  problem -solv ing.
The blame fo r  th is  b e l i e f  i s  p laced  on the way m ater ia l i s  presented  in  
textbooks vh ich , fo r  lack  o f  space, do n ot provide the q u a lita t iv e  
reasoning.
I t  has proved p o s s ib le  to  model seme ex p ert1 s using computer programs. 
Such a program (WUMPUS) has been produced by Ira  G old stein  (1979). 
This type o f  program can n o t on ly  be used to  coach but a ls o  to  d iagnose  
any d i f f i c u l t i e s  th a t may be encountered by the n o v ice , b u t i s  m ainly  
concerned w ith  s k i l l  a c q u is it io n  rather than w ith  the a c q u is it io n  o f  
knowledge using h ig h - le v e l  c o g n it iv e  s k i l l s .
The purpose o f  education i s  n o t on ly  to  a llo w  stu d en ts to  acquire •, 
fa c tu a l knowledge and motor s k i l l s  but a ls o  to  encourage vh a t has been 
described as "good h a b its  o f  thought" (D1 Amour, 1979). In o th er  
words, education encourages stu d en ts to  become s k i l le d  in  the h igh er  
c o g n itiv e  a c t i v i t i e s  such as problem -solving and the cre a tio n  o f  new 
knowledge and concep ts.
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In d iv idu a ls w i l l  make m istakes on the way to  becoming exp ert. They 
w i l l  o ften  form "misconceptions" or " a ltern a tiv e  conceptions" vh ich  are 
incorporated in to  th e ir  c o g n itiv e  s tru c tu re . The importance o f  
studying m isconceptions and a lte r n a t iv e  conceptions has been recognised  
in  recen t y ea rs .
In producing th e ir  own learn ing tasks stud en ts w i l l  determ ine what and 
how much they lea rn . Students shape the learning tasks on the b a s is  
o f  vhat they can bring to  bear on the tasks as p resented , for  example, 
by a teacher or a computer program. They in te r p r e t  the p resen t  
s itu a t io n  a g a in st a background o f  p a s t exp erien ce .
Students w i l l  ob viou sly  ta ck le  a task  provided in  a number o f  ways. 
Sometimes they w i l l  n o t be ab le  to  co n stru ct a ta sk  because o f  
in s u f f ic ie n t  p a s t  experiences upon vhich  they can c a l l  to  be a b le  to  
su c c e s s fu lly  complete the ta sk . In such a s itu a t io n  i t  has been 
suggested (Brown and Burton, 1978) th a t the stu d en t co n stru c ts  new 
knowledge from th e ir  memory stru ctu re  to  d ea l w ith  the "impasse" 
s itu a t io n . Such new knowledge may n o t be accepted as  v a lid  t y  an 
"expert" and as such would be regarded as a m isconception . T his area  
concerning conceptual development i s  considered in  g r ea ter  d e t a i l  in  
chapter 9 o f  th is  d is s e r ta t io n .
To con stru ct new knowledge in  such a s itu a t io n  m ight req u ire  a 
considerab le  amount o f  d r iv e  and m otivation  to  overcame the immediate 
d i f f i c u l t y .  A stu d en t vho does n o t have th is  amount o f  d r iv e  and 
m otivation  w i l l  n o t complete the ta sk  and w i l l  be seen as  being  
d efea ted , or fo i l in g ,  and leaving the problem unsolved.
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lochhead (1979b) has extended Brcwn and Bur te n 's  theory t y  saying th a t  
stud en ts need to  co n stru ct m u ltip le  rep resen tation s o f  knowledge. He 
sa id  th a t students are o ften  seen to  o s c i l l a t e  between understanding 
and confusion  w h ils t  attem pting to  so lv e  problems. These 
o s c i l la t io n s ,  he sa id , are recognised t y  any experienced teacher to  be 
a fundemental c h a r a c te r is t ic  o f  human lea rn in g . He b e lie v e s  th a t the 
o s c i l la t io n s  are a sso c ia ted  w ith  the need to  co n stru ct m u ltip le  
rep resen tation s o f  new knowledge and to  t e s t  th ese  rep resen ta tion s  
a g a in st each o th er . Thus as one mode o f  r ep re sen ta tio n . has been 
m astered, the learn er i s  ap t to  sw itch  to  another to  broaden h i s  grasp  
and thus en ter  a period  o f  confu sion .
lea rn in g , thus, can be regarded as an a c t iv e  process dependent on the  
learn er-d efin ed  task s being a ffe c te d  n o t o i l y  t y  the character o f  the  
person, but a ls o  on th e ir  p a s t  experiences and p rev io u sly  e sta b lish e d  
knowledge and b e l i e f s .  Personal s tr a te g ie s  and s t y le s  o f  learning  
p la y  an im portant p a rt in  determ ining the r e s u lt  o f  learn ing  
experiences and thus should n o t be ignored vhen considering CAL.
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1 .4 .3  S ty le s  and S tr a te g ie s  o f  Learning
tse c tio n  1 .4 . 3 ;
Accounts o f  learn in g , e s p e c ia l ly  those concerned w ith  CAL, o ften  p lace  
an emphasis on learning being "meaningful". Meaningful learning i s  
regarded as an a c t iv e  p ro cess . I f  the learn er  i s  an a c tiv e  
p a r tic ip a n t in  the learning p rocess, then th is  must imply th a t s /h e  
must be operating sane form o f  s tra teg y  concerning th e ir  understanding 
o f  the e jp er ien ce .
Various learning s tr a te g ie s  have been d escr ib ed . Rothkopf (1966) has 
d escribed  the responses vh ich  g iv e  b ir th  to  learn ing in  an in d iv id u a l 
as being th e ir  "mathemagenic" behaviour. >Gagn6 (1977) b e lie v e s  
c o g n itiv e  s tr a te g ie s  are in te r n a lly  organised s k i l l s  th a t govern the  
in d iv id u a l's  behaviour in  learn in g , remembering and th in k in g . These 
c o g n itiv e  s k i l l s  and s tr a te g ie s  h e b e liev ed  are le a rn t grad u a lly . 
The a c q u is it io n  o f  a v a r ie ty  o f  co g n itiv e  s tr a te g ie s  w i l l  a llow  an 
in d iv id u a l to  perform more and more c o g n it iv e ly  d i f f i c u l t  e x e r c ise s .  
The s tr a teg y  o f  an in d iv id u a l n o t o i l y  determ ines the range o f  evidence  
they are l ik e ly  to  use in  the learning s itu a t io n , but a ls o  how they  
obta in  th is  ev idence.
Marton (1976) sees  learning as e ith e r  being" a  "deep" or "surface" 
p ro cess . "Deep learning" he see s  as something th a t a stud ent does, 
and as a consequence, i s  more l ik e ly  to  understand the su b ject m atter  
and see  i t s  relevan ce. To many peop le  t h is  would c o n s t itu te  
"meaningful" learn in g . "Surface learning" occurs when a stud en t i s  a 
p a ss iv e  p a r tic ip a n t in  the p rocess rely in g  cn ro te  learn ing rather than 
looking for  meanings.
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Pask (1976b) recogn ises th a t there are two b a s ic  types o f  learning  
s tr a teg y , the h o l i s t  and the s e r i a l i s t .  H o lis ts  are sa id  to  use much 
o f  the a v a ila b le  evidence to  cams true th e ir  new knowledge. S e r ia l i s t s  
progress l in e a r ly  through the con cep ts. Pask b e lie v e s  th a t h o l i s t s  
tend to  ask q uestions about broad r e la t io n s , vhereas s e r i a l i s t s  ask  
q u estion s about much narrower r e la t io n s .
Holism and ser ia lism  can be regarded as the extrem es o f  a b ip o la r  , 
cams true t .  They are thought to  be m an ifesta tion s o f  more fundemental 
p rocesses induced t y  a "system atic enforcement o f  the requirement for  
understanding vhich i s  as strong a s , o r  stromger than, the requirement 
for  'd e e p -lev e l' p rocessing" .
The gen era l tendency to  adept a p a r tic u la r  s tr a teg y  i s  known as a 
learn ing s t y le .  I f  the s t r i c t  understanding co n d ition  i s  relaxed (as  
in  c la s s  tu it io n  or in  s e lf -s tu d y )  seme stud ents tend to  a c t  " lik e  
h o lis t s "  (th ese  he c a lle d  comprehension learn ers) and o th er stud ents  
" lik e  s e r ia l is t s "  (th ese  he c a lle d  operation  le a r n e r s ) . There are  
sane students vho are ab le  to  e x h ib it  both o f  th ese  s t y le s  o f  learn ing  
q u ite  su c c e ss fu lly  depending upon the su b jec t m atter, th ese  people are  
sa id  to  be v e r s a t i le  lea rn ers .
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L aurillard  (1978b) has compared Pask's and Marton's dichotcmous 
d e scr ip t io n s  o f  learn in g , and concludes th a t the "process o f  learning"  
can be regarded as having two a sp ects:
( i )  E xecutive s t y le  vhich  r e fe r s  to  the way the stud en t thinks about 
the su b jec t m atter. P ask 's d e scr ip tio n s  o f  "style"  and "strategy" are  
included h ere .
( i i )  S tr a te g ic  s t y le  vhich  r e fe r s  to  the way the stu d en t approaches the  
ta sk . Marton' s  and S a l j o ' s  " le v e ls  o f  processing" are included h ere .
However, la u r illa r d  warns th a t studen ts cannot be c la s s i f i e d  using a
dichotcmous d escr ip tio n  o f  learn ing s in c e  they are  responsive to  the
environment, th e ir  in ter p r e ta tio n  o f  the environment a ffe c t in g  th e ir
approach to  learn in g :
" . . . i t  would be dangerous fo r  an in v e s t ig a tio n  o f  learning to  
be based on the assumption th a t learning i s  a process th a t i s  
independent o f  o th er  ex tern a l fee  to r s , or th a t s tu d en t's  
p o ssess  inherent, in v a r ia n t s t y le s  o f  lea rn in g . I t  means
th a t learning should be stu d ied  in  the co n tex t in  vhich i t
occu rs, rather than in  the la b o r a to r y ..."
In s tu d ie s  o f  computer a s s is te d  learn in g , th ere fo re , we should record
the e f f e c t  o f  in ter fe r in g  fee  to r s  such as the p resen ta tio n  o f  the
learn ing m ater ia l, the s tu d en t's  s tr a te g ic  s t y le ,  the e f f e c t  o f
p re -e sta b lish ed  conceptual b e l i e f s  o f  relevance to  the body o f
knowledge being presented t y  the CAL program.
Witkin (1976) argues, much in  the same way as  Pask, for  the e x is te n c e  
o f  underlying s t y le s  o f  th in k in g . W itkin recogn ises two o p p osite  
s t y le s ,  fie ld -in d ep en d en t and fie ld -d ep en d en t. These d escr ib e  a 
g en era lised  approach to  the le a r n e r 's  in ter a c tio n  w ith  the environment, 
and th e ir  approach to  the a n a ly s is  o f  problem -solving ta s k s . A 
fie ld -in d ep en d en t (F I), or  a n a ly t ic , person i s  a b le  to  an alyse a
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stim ulus d is tin g u ish in g , reta in in g  and coordinating re lev a n t item s 
extracted  from a d is tr a c tin g  background. He analyses and stru ctu res  
incoming inform ation. A fie ld -d ep en d en t (FD) person i s  unable to  
stru ctu re  a stim ulus and to  p erce iv e  i t s  p a sts  as d is c r e te  from the  
o v e r a ll f ie ld  o f  referen ce . -He accep ts the t o t a l i t y  o f  im pressions. 
The fie ld -dependent person should thus be regarded as having a g lo b a l  
s t y le  or q u a lity  vhich does n o t enable th a t person to  d iscr im in ate  
between the o b jec t o f  primary importance and the surrounding 
d is tr a c t io n s
This c a teg o r isa tio n  o f  people in to  two groups vhich  d i f f e r  in  th e ir  
s t y le  o f  in te r a c tio n  w ith  th e ir  environment by W itkin stim ulated  
Douglass and Kahle (1978) to  show th a t FD stud en ts perform more 
s a t is f a c t o r i ly  in  (sc ien ce ) le sso n s  based on a dedu ctive p resen ta tio n  
o f  m a ter ia ls , whereas FT stu d en ts performed more s a t i s f e c t o r i ly  when 
matched w ith  in d u ctive  m a ter ia ls . However, I do n o t w ish to  be 
concerned a t  th is  p o in t in  try ing  to  r e la te , in  any d e t a i l ,  the nature  
o f  in s  true tion a  1 or learning m a ter ia l w ith any theory o f  learn in g , 
in s tr u c tio n  or  c o g n itiv e  s t y le  and s tr a te g y .
E h tw istle  (1981) has questioned the ccm prehensivity o f  the d e sc r ip t io n s  
o f  preferred learning s t y le .  He b e lie v e s  th a t i t  may be o f  use in  
d escrib in g  d if fe r e n c e s  between stu d en ts, but th a t the d e sc r ip t io n s  
could be rendered more complete t y  recognising the d if fe r e n c e s  th a t an 
in d iv id u a l s tu d en t's  s tr a te g ic  s t y le  may e x h ib it  from ta sk  to  ta sk . 
In the co n tex t o f  CAL th is  would mean th a t the e f f e c t  o f  the program, 
the e f f e c t  o f  g o a ls  la id  down in  the package n o tes or t y  the teacher  
must be taken in to  con sid eration  when the learning m ilieu  i s  d escr ib ed . 
The fee  tors in flu en cin g  learning are numerous. The in f lu e n c e  o f  th ese
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fee  tors on learning in v o lv es  a com plicated in te r r e la t io n sh ip  between 
the c h a r a c te r is t ic s  o f  the program u ser, the GAL program and w ith  
fee  tors created  in  the "outer" environment, for example the classroom , 
in  vhich the program i s  used. I t  may be more r e a l i s t i c  th erefore  to  
view  CAL n o t as a p o te n t ia l s u b s t itu te  for the teacher, b u t as an 
a d d itio n a l f a c i l i t y  for  lea rn in g .
1 .5  Computers -  An . advance in  ed u cation al technology?
Although many people nowadays have the notion  th a t research ers  
concerned w ith  programmed learning vere e s s e n t ia l ly  b e h a v io u r ists , I  
th ink th a t th is  i s  a scmevhat r e s tr ic te d  and narrow v iew  o f  th e ir  
p h ilo so p h ies . For example, Thomas e t  a l  (1963) accepted the n o tion  
th a t the primary purpose o f  education  i s  the "nurture o f  p erson a l 
growth" and teaching as an "enabling process" . They saw the te a c h e r 's  
task  as:
" ...g u id in g  the stu d en t through experiences in  a c o n tr o lle d  
environment, allow ing him to  form h is  own op in ion s, carrying  
out eva lu a tion s and make h i s  own judgements." (page 3)
The teacher was n o t seen as dominating or obtruding in to  the p rocess o f
learning but was seen as a ctin g  as a c a ta ly s t  for the learn in g  p ro cess:
"He should crea te  an environment in  vhich the stu d en t funds i t  
very easy  and in te r e s t in g  to  learn , and should in trod u ce  
order in to  the learn ing p rocess to  prevent i t  from being a 
haphazard and ch a o tic  experience."
(page 3)
(se c t io n  1 .5 )
Howsver, although th ese  educators had much o f  the philosophy o f  the 
c o n s tr u c t iv is ts  (to g eth er  w ith  a b eh av iou rist emphasis and an in flu en ce  
o f  G esta lt  psychology) they b e lieved  i t  would be d i f f i c u l t  to  a t ta in  in  
our modem w orld. At th a t tim e, 1963, they c r i t ic i s e d  the education  
system for  n o t carrying ou t enough educational research; for  p lacin g  
too g r ea t an emphasis on "teacher-teaching" a t  the expense o f  
"learner-learning"; and for in e f f ic i e n t  classroom s. However, they saw 
many o f  the problems being solved  by modem developments in  technology  
vhich would p o s s ib ly  a llo w  a  more: - ;
" . .  .e f f e c t iv e  ccmmunicaticn whereby the stud en t can be so  
stim ulated  th a t  h i s  education progresses a t  h i s  optimum 
rate ."
I  th ink th a t i very  few teach ers :and researchers a l ik e  even nowadays ■ 
would d isa g ree , excep t perhaps cer ta in  "die-hards" in  the system , w ith  
the c lo sin g  statem ent o f  chapter 1 o f  Thomas's book:
"The problem feeing  the e d u c a tio n a lis t  today i s  th a t o f  
finding the b e s t  way o f  harnessing recen t advances and 
achievements in  sc ien ce  and technology in  order to  en rich  the  
personal experience o f  h i s  stu d en ts, and so  crea te  an
environment in  which the accepted p r in c ip le s  o f  learn ing can
be r ea lise d ."
(page 4)
The emphasis in  th is  quotation  i s  n o t on using a l l  recen t te c h n o lo g ica l 
advances to  a id  teaching and learn in g , but to  s e le c t  those which are  
going to  lead to  enrichment o f  a s tu d en t's  learning ex p erien ces.
Much can be dene to  improve learning programs whether they be o f  the  
tu to r ia l type or  the sim ulation  type. Improvement can o n ly  come from 
an understanding o f  c o g n it iv e  psychology and an understanding o f  how
program stru ctu re  a f f e c t s  stud en t lea rn in g . I t  i s  a ls o  im portant to
have programs which are "sympathetic" to  the stud en ts s t y le  o f  learn ing  
and the progress they are making w h ils t  using the program. This 
means th a t research needs to  examine in  more d e t a i l  learn ing theory as
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d ir e c t ly  app lied  to  computer based learn in g , and how "adaptive" 
programs should be w r itten  perhaps using models derived  from a r t i f i c i a l  
in te l l ig e n c e  (which w i l l  a llow  the student to  be in  seme way, m odelled  
and th is  model compared to  a "desirable" model or m od els).
The development o f  programs must be based on a knowledge o f  what i s  
required in  terms o f  stud en t learn in g , and how t h is  can be ach ieved . 
I t  must mean seme c e n tr a lisa t io n  o f  program w ritin g  to  avoid programs 
being w ritten  by those teachers u n sk illed  in  the n ecessary  areas o f  
psychology and stu d en t m odelling.
The time for  a number o f  e x c it in g  developments in  CAL program d esig n  
has arrived , and many o f  the programs w ritten  o u ts id e  the ."cottage  
industry" should begin  to  show a marked improvement in  th a t they a llo w  
students the freedom to  learn  as they see  f i t ,  but a ls o  to  rec e iv e  
guidance from the computer as and when seen necessary  by the computer. 
Up to  the p resen t tim e, computers have provided a rewarding learn ing  
experience for  stu d en ts in  a number o f  su b jec t areas a t  d i f f e r e n t  
le v e ls  in  the education  system . However, teachers as a body have n o t  
y e t  accepted and r e a lise d  the p o te n tia l advantages for  stu d en t learn ing  
o f  the variou s types o f  CAL program.
The p o s s i b i l i t i e s  fo r  CAL become even g rea ter  w ith  the in tro d u ctio n  o f  
the v id eo d isc  system . Linked to  the in te r a c t iv e  computer, much v is u a l  
m ateria l can be presented  to  the stud en t to  a c t  as backup learn ing  
m ater ia l, e s p e c ia l ly  in  t u t o r ia l - s t y le  programs. The learn ing  
experience becomes more v iv id  and r e a l, and thus o f  g r e a te r  use for  a l l  
teachers.
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THE DEVELOPMENT OF THE MAIN RESEARCH THEME
PART TWO
THE DEVELOPMENT OF THE MAIN RESEARCH THEME
In p a rt one I  reviewed and described the relevance o f  various  
ev a lu a tiv e  m ethodologies, p sych o log ies o f  learning and seme 
p h ilo sop h ies o f  s c i e n t i f i c  methodology to  computer a s s is te d  learning  
and to  c o g n itio n .
In p a rt two o f  th is  d is s e r ta t io n  I  intend to  show how the theme o f  the  
research s tu d ie s  changed focus from one which was in te n t  on comparing 
CAL w ith  learn ing in  o th er  m ilieu  to  one which concentrated on how CAL 
program stru ctu re  can in flu en ce  c o g n itio n . With a change in  focus i t  
became n ecessary  to  develop  new ev a lu a tiv e  m ethodologies. There was 
an apparent need in  analysing Student-CAL in te r a c tio n s  for  a model o f  
learning which recognised the e f f e c t  o f  various in t r in s ic  and e x tr in s ic  
factors on th a t in te r a c tio n  p ro cess . The variou s techniques and 
m ethodologies used in  th ese  s tu d ies  and the development o f  a su ita b le  
model o f  the Student-CAL in te r a c tio n  are described in  chapter two.
The r e s u lt s  o f  the p i l o t  s tu d ie s  are described in  chapter th ree . 
These r e s u lt s  show th a t stud en ts use a CAL program scmevhat d if f e r e n t ly  
from each o th er , and th a t CAL programs tend to  promote a b e tte r  
understanding o f  a to p ic  than a more d id a c t ic  approach such as  a 
t u t o r ia l .
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E valuations o f  CAL programs by various o th er  workers have shown th a t  
each program has a p o te n t ia l to  encourage a somewhat d if f e r e n t  
"spectrum" o f  c o g n itiv e  a c t iv i t i e s  frcm oth er programs. These p i l o t  
s tu d ie s  a ls o  in d icated  t h is ,  and i t  was th is  th a t promoted the change 
in  research d ir e c t io n .
With an in t e r e s t  in  how program stru ctu re  can a f f e c t  co g n itio n , i t  was 
n ecessary  to  produce a number o f  programs vh ich , although using the  
same sim ulation  model, presented th a t model in  v a r iou s ways. I t  was 
n ecessary  to  s e l e c t  a su ita b le  to p ic  area and a su ita b le  CAL program in  
th is  area . This p rocess i s  described in  chapter four togeth er  w ith  
the fea tu res o f  the four "POND" programs produced for  th ese  main 
s tu d ie s .  A d escr ip tio n  o f  the gen era l e f f e c t iv e n e s s ,  w ith  r e sp ec t to  
lea rn in g , o f  the POND programs i s  described  in  chapter f iv e .
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Chapter 2
Research M ethodologies and Techniques
2 .1  Introduction
In Chapter 1 the survey o f  the research l it e r a tu r e  has shown th a t  
l i t t l e  i s  known o f  the e f f e c t  o f  program stru ctu re  on learn ing  
a c t i v i t i e s .  I t  i s  o ften  sta ted  th a t CAL packages enrich  learning and 
promote in t u it iv e  understanding (se e , for  example, L aurillard  [1 9 7 8 c ]) .
Any eva lu ation  o f  the learn ing th a t takes p la ce  as a r e s u lt  o f  the 
in te r a c tio n  o f  the stu d en t w ith the computer must n ot prejudge the  
nature o f  the learn ing th a t takes p la ce  (L au rillard , i b i d . ) .  
Achievement t e s t s  are the type o f  assessm ent th a t do ju s t  th is  by 
prejudging the nature o f  the learn in g , by presupposing th a t the use o f  
a package w i l l  in crease  the s tu d en t's  c o g n it iv e  knowledge although t h is  
i s  n o t normally an aim o f  the package (E lton  and la u r il la r d , 1979). 
E lton and L aurillard  say th a t an achievem ent t e s t  would be u n lik e ly  to  
d e te c t  any measurable change in  knowledge through the use o f  such a 
package.
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Knowledge may be acquired e ith e r  d ir e c t ly  or in d ir e c t ly  fcy the use o f  a 
CAL package. I t  i s  w e ll  known, for  example, th a t when a student f i r s t  
uses a computer i t  i s  a novel experience (known as the Hawthorn 
E f f e c t ) . Experience has shown th a t th ese stud en ts o ften  v / i l l  spend 
more time away from the computer trying to  so lv e  problems, d isco v er  
a sso c ia ted  fa c ts  and so  on, than they would have i f  they had been 
taught fcy “conventional" methods. I f  th is  n o v e lty  can be maintained  
then CAL may be a u se fu l in c e n tiv e  fo r  increasin g co g n itiv e  knowledge. 
Perhaps th a t h ere th ere i s  an arguement for the lim ited  use o f  CALI
With a CAL sc ien ce  sim ulation  program, the computer a c ts  a s  a 
su b s titu te  for  a lab oratory . One arguement for  the use o f  CAL as a  
replacement for a laboratory experim ent i s  th a t many b io lo g y , and to  a 
le s s e r  e x ten t chem istry and p h y sic s , experim ents f a i l  to  g iv e  
sa t is fa c to r y  r e s u lt s .  The stud en ts o ften  f e e l  dem oralised fcy th is  
s itu a t io n  and can f a i l  to  see  the purpose for carrying ou t a p a r tic u la r  
experim ent. In a d d itio n , sim ulation  programs can be used to  a llow  a 
la rg er  number o f  time-consuming experim ents to  be performed in  a 
shorter period o f  tim e, to  a llow  hazardous experim ents to  be performed 
w ithout any danger to  the stu d en t, to  a llow  experim ents to  be carried  
out which in  the rea l-w orld  would be im p ossib le  or  very  d i f f i c u l t  to  do 
so .
According to  Dowdeswoll (1981) there are three main o b je c tiv e s  for  
p r a c t ic a l work in  b io lo g y  :
( i )  To acquire a knowledge o f  c er ta in  b a s ic  techniques.
( i i )  The v e r i f ic a t io n  and supplem entation o f  inform ation a lread y  
acquired from oth er sou rces.
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( i i i )  Using the method o f  guided enquiry to  acquire f i r s t  hand 
evidence for  the so lu tio n  o f  p a r ticu la r  b io lo g ic a l  problems.
Although CAL cannot enable students to  learn p r a c t ic a l s c i e n t i f i c  
techniq ues, i t  can a llow  them to  became s k i l le d  in  techniques o f  
problen so lv in g , hyp othesis-production  and te s t in g  e t c .  I f ,  
th erefo re , the CAL package i s  w e ll designed , i t  can a c t  as a
replacem ent fo r  many o f  the r e p e t it iv e  experiments th a t are performed 
t y  stu d en ts.
A good example o f  a good sim ulation  package are the s e r ie s  o f
experim ents performed to  "discover" the fee  tors a f fe c t in g  enzymes and
enzymic r a te . Must o f  th ese  are r e p e t it io n s  o f  a carman and b a s ic
technique a t  which the stud en t normally beccmes s k i l le d  during the 
f i r s t  run through o f  the experim ent. The remaining experim ents in  the 
s e r ie s ,  ( fo r  example observing the e f f e c t  o f  pH, temperature, su b stra te  
concen tration  on product concentration) are norm ally concerned on ly  
w ith the c o l le c t io n  o f  data to  be manipulated t y  the stu d en ts to  
i l lu s t r a t e  p a r tic u la r  con cep ts.
I t  should thus be p o ss ib le  for  stud en ts to  carry ou t the b a s ic  enzyme 
experim ents to  acquire the tech n ica l s k i l l s  a sso c ia ted  w ith  the
experim ent, and then go  on to  use a su ita b le  CAL package to  become
s k il le d  in  experim ental m anipulation, problem -solving e t c .  a s w e ll  a s  
obtain ing the data which can be used to  i l lu s t r a t e  the appropriate  
concep ts. This would mean th a t for the stud en ts the d ata  obtained
would be accu rate, because there would be no error  due to  poor
experim ental technique. In th is  way, there might be an in crea se  in  
perceived  va lu e  o f  the laboratory e x er c ise  ty  th ese stu d en ts .
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B efore using a CAL sim ulation  in  a teaching program, the teacher should 
be c e r ta in  th at:
(a) The CAL program has the p o te n tia l to  convey the d esired  body 
o f  knowledge,
(b) The CAL program i s  p o te n t ia l ly  as e f f e c t iv e  as a lte r n a tiv e  
(more tr a d it io n a l? ) methods o f  teaching used in  the classroom  
and laboratory,
(c) The d esired  range o f  c o g n itiv e  a c t iv i t i e s  can be encouraged 
t y  the use o f  the CAL program. A d e c is io n  should thus be
made when d esign in g the program concerning i t s  pedagogic
fu n ction . I s  the purpose o f  the program to  a llow  the  
behaviour o f  a model to  be observed and understood? I s  the  
purpose to  encourage problem -solving or h yp oth esis  formation 
and te stin g ?
I t  was th ese  three c r i t e r ia  which both the p i l o t  and main s tu d ies  were 
concerned w ith . The p i l o t  s tu d ie s  are m ainly concerned w ith  c r i t e r ia
(a) and ( b ) ; the main s tu d ie s  w ith  c r ite r io n  ( c ) .
I n i t i a l l y ,  in  my p i l o t  s tu d ie s , I  was concerned wnth comparing studen t 
learning in  a number o f  very  d if f e r e n t  m ilieu  ( in  tu t o r ia ls ,  laboratory  
p r a c t ic a l s e s s io n s , and using CAL programs). I t  became ev id en t from 
th ese  p i l o t  s tu d ies  (se e  chapter 3 ) , as I s h a l l  show, th a t a more
d e ta ile d  examination o f  learn ing under con d ition s more co n tro lled  than
those used for  the p i l o t  s tu d ie s  was required .
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The main s tu d ies  ware focused on observing and attem pting to  analyse  
the complex s e r ie s  o f  c o g n it iv e  and " sc ie n tif ic "  a c t i v i t i e s  o f  students  
using a s e r ie s  o f  eco logy  GAL programs based cn a common sim ulation  
model. Each o f  the programs d if fe r e d  in  the methods t y  which they
presented the inform ation so  th a t the e f f e c t  o f  a d if fe r in g  program 
stru ctu re  cn learn ing cou ld , a t  le a s t  p a r t ia l ly ,  be determ ined.
2 .2  The Computing Hardware
At the time o f  making the d e c is io n  as to  which computing system to  use  
during these research s tu d ie s , microcomputer s a le s  were beginning to  
show a marked in crea se  in  the U.K. Commodore had introduced th e ir  PET' 
"personal" computers aim ing, I  su sp ect, la r g e ly  for  the heme market. 
I t  thus seemed appropriate rather than use a main-frame computer th a t I  
should use a microcomputer. I  f e l t  th a t many ed u cation al 
estab lishm ents in  the sch oo l and c o lle g e  sec to r s  would probably be ab le  
to  a fford  a number o f  th ese , and thus they would become a more common 
p ie c e  o f  education al hardware. Another fa c to r  in flu en c in g  my d e c is io n  
was th a t the PET microcomputer was p ortab le  and could be taken in to  
classroom s and la b o ra to r ie s  whenever i t  was n ecessa ry . The th ird  
fee  to r  in flu en cin g  the d e c is io n  was th a t i t  was becoming ev id en t from 
a r t ic le s  being published in  Commodore's own magazine, and indeed the  
popular computing m agazines, th a t much a d d itio n a l hardware would become 
a v a ila b le  to  enhance the c a p a b il i t ie s  o f  th is  type o f  computer. This 
would mean th a t the microcomputers could become as powerful as many 
mainframe computers being used in  CAL p ro jec ts  in  the U.K.
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The e a r ly  PET's ware stand -a lon e machines having an 8K memory and a 
c a s e t te  tape storage in p u t. The programs for the PETs are w ritten  in  
Commodore B asic and are f u l ly  in te r a c t iv e  s in c e  the in p u t i s  through an 
in te g r a l keyboard and the output i s  on to  a VDU (as an in te g r a l p a rt o f  
the microcom puter). The grap h ics cn the VDU are o f  low reso lu tio n  (40 
x 2 5 ) .  Later, Commodore improved the b a s ic  d esign  o f  the machine, the  
keyboard was increased  in  s iz e  to  th a t o f  a normal type-w ri te r  s iz e ,  a 
range o f  memory s iz e s  (8 , 16 and 32K) became a v a ila b le . A d o t matrix  
p r in te r  was introduced which allowed a hardcopy o f  l i s t in g s  and program 
runs to  be reta in ed . D isc  d r iv e s  for "floppy d isc"  storage o f
programs were introduced which allowed a much fe s te r  ra te  o f  reading 
programs and data , and a ls o  allowed random or d ir e c t  a ccess  f i l e s  to  be 
introduced as a means o f  sto r in g  and r e tr iev in g  data on th ese  
microcomputers.
The main d i f f i c u l t y  for  th ose in ter e sted  in  producing CAL programs w ith  
a grap h ics mode o f  output was the lew  r eso lu tio n  screen . .. A "chip" 
was developed which increased  the p o te n t ia l o f  grap h ics, 5 allow ing  
"double-density" graphics (80 x 50) to  be used cn the screen . Very 
sh o r tly  a f t e r  th is  sev era l types o f  " h igh -reso lu tion  board" were 
introduced which allowed the PET screen to  be increased  to  a reso lu tio n  
o f  319 x 199. In comparing th is  le v e l  o f  r e so lu t io n  to  th a t p o ss ib le  
on so p h is tic a te d  main-feme computers the "high-resolu tion"  grap h ics on 
the PET are m erely "m oderate-level" r e so lu t io n . However, i t  allow ed  
reasonable graphs, for example, to  be produced, and removed the  
n e c e s s ity  o f  using poor, o fte n  confusing (see  s e c t io n  5 . 3 . 2 . 2 ) ,  low  
r eso lu t io n  forms o f  graph to  be output on to  the screen . Later i t  
became p o ss ib le  for  the h igh  r eso lu tio n  graphics boards to  be m odified  
to  obtain  a hardcopy p r in to u t o f  the screen co n ten ts .
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8 K  P E T s ,  w i t h  i n t e g r a l  c a s e t t e  d e c k s ,  w e r e  u s e d  f o r  t h e  m a i n  s t u d i e s ,  
a n d  f o r  t h e  e a r l y  p a r t  o f  t h e  m a i n  s t u d i e s .  L a t e r  a s  t h e  p r o g r a m s  
w e r e  d e v e l o p e d  f o r  t h e  l a t e r  s t a g e s  o f  t h e  m a i n  s t u d i e s ,  i t  b e c a m e  
n e c e s s a r y  t o  h a v e  a  m i c r o c o m p u t e r  w i t h  a  l a r g e r  m e m o r y  a n d  o n e  w i t h  
b e t t e r  f a c i l i t i e s  t h a n  t h e  e a r l y  P E T s .  T h e  l a t e r  s t a g e s  o f  t h e  m a i n  
s t u d i e s  w e r e  c o n d u c t e d  c n  a  C o m m o d o r e  P E T  m o d e l  4 0 1 6  w i t h  a  3 2 K  m e m o r y ,  
a  m o d e l  4 0 4 0  d i s c  d r i v e ,  a  3 0 2 2  s e r i e s  d o t  m a t r i x  p r i n t e r ,  a n d  a  
S u p e r s o f t  H R - 4 0  H i g h  R e s o l u t i o n  G r a p h i c s  B o a r d  u p d a t e d  w i t h  a  G R A P H I C S  
W E D G E  t o  a l l o w  h a r d - c o p i e s  o f  g r a p h s  t o  b e  o b t a i n e d .  T h e  w h o l e  s y s t e m  
w a s  p l a c e d  c n  a  t r o l l e y  a s  t h e  p h o t o g r a p h  b e l o w  s h o w s .
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2 .3  The Students p a r tic ip a tin g  in  the Research S tu d ie s .
Ihe research s tu d ie s  were carried  o u t in  the Department o f  Science and 
E lectrotechnology, Guildford County C ollege o f  Technology.
The studen ts p a r tic ip a tin g  in  the p i l o t  s tu d ie s  s tu d ie s  were attending  
a v a r ie ty  o f  v o ca tio n a l techn ician  cou rses, namely the:
Ordinary N ation al C e r t if ic a te  (ONC) in  B io lo g ic a l S cien ce, 
Technician Education Council (TEC) C e r t if ic a te  in  S c ien ce , 
Technician Education Council (TEC) Diplcma in  S c ien ce .
Ihe ONC and TEC C e r t if ic a te  courses are p art-tim e day and evening 
attendance courses for students who are employed as tech n ic ia n s in  
in d u stry . The TEC Diplcma course i s  a fu ll- t im e  cou rse . For entry  
to  a l l  o f  th ese  courses GCE Ordinary le v e l  or CSE grade 1 ,2  o r  3 p asses  
are u su a lly  required in  sc ien ce , mathematics and E nglish  language.
The age o f  stu d en ts attending th ese  courses was n o t determined t u t  
normally the stud ents are between the ages o f  16 and 19, although o ld er  
students do sometimes attend the part-tim e co u rses.
The stud en ts p a r tic ip a tin g  in  the main s tu d ie s  were fu ll- t im e  GCE 
Advance l e v e l  stud en ts studying b io lo g ic a l  su b je c ts . This group o f  
studen ts were chosen because they are norm ally free  fo r  a t  le a s t  
sev era l hours during a day a t  le a s t  once every week. This meant th a t  
th a t a stu d en t could use a CAL program and be in terview ed  im m ediately  
follow ing th e ir  program run, a l l  o f  which could take as  long as two to  
three hou rs. Part-tim e students could n ot e a s i ly  p a r t ic ip a te  in  th is  
type o f  study s in c e  th e ir  time in  c o lle g e  i s  taken w ith  le c tu r e s  and 
laboratory p r a c t ic a l s e s s io n s .
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in  th e ir  s tu d ie s , ccming fran the f i r s t ,  second and r ev is io n  years o f  
the course. A summary o f  the d e t a i l s  o f  35 students p a r tic ip a tin g  in  
th ese  s tu d ie s  i s  g iv en  in  appendix 1 .
2 .4  P i lo t  study research methodology and techniques
2 .4 .1  Students
Ihe p i l o t  s tu d ie s  attempted to  compare the learning a c t i v i t i e s  o f  
stud en ts using CAL programs w ith  those in  d if fe r e n t  learn ing m ilieu  
such as t u t o r ia ls .  The TEC C e r t if ic a te  and Diplcma groups were used 
in  th ese  p i l o t  s tu d ie s . The TEC Diplcma c la s s  co n sisted  o f  e ig h t  
stu d en ts, the TEC C e r t if ic a te  c la s s  co n sisted  o f  n in e s tu d en ts.
Each, c la s s  was d iv id ed  in to  two matched groups, th a t i s  o f  approximate 
equal academic q u a lity  based on standard scores c a lcu la ted  from 
assessm ent marks obtained throughout the current academic year o f  th e ir  
cou rse . The d iv is io n  i s  made t y  p lacin g  the stud ents in  order o f  
academic a b i l i t y  according to  th e ir  standard scores and then t y  p lacin g  
a lte r n a te  stu d en ts ( in  th e ir  num erical order o f  academic a b i l i t y )  in to  
each o f  the two groups. In p r a c tic e , a b e tter  d iv is io n  seemed to  be 
p o ss ib le  t y  a ssig n in g  the stud en ts using th e ir  standard sco res  to  each  
o f  the groups (1 or 2) as shown in  fig u re  2 .1 .
-  76 -
X U  U 1 U U  U X ^  UYYW ^  A. TTWJ. W A*WW W 4. * .1- .*--*- V^VU « V.J.J --------------------—-------------------
o v e r a ll academic a b i l i t i e s , the mean standard sco res  o f  the stud ents  
were compared using the Students t - t e s t  for:
( i )  for  a l l  su b jects  in  th e ir  course,
( i i )  for  a l l  b io lo g ic a l  su b jec ts  in  th e ir  cou rse .
Course Group Mean Standard Scores o f  Students
TEC Dip. 1 
2
1.07 0 .25  - . 1 7  -1 .1 2  
0 .58  0 .51 - . 2 4  - . 7 5
TEC C ert. 1 
2
0 .70  0 .62  0 .1 4  - . 1 2  -1 .4 8  
0.85  0 .46  - . 1 6  - . 5 8
Figure 2 .1  Standard Scores o f  Matched Groups o f  TEC
C e r t if ic a te  and Diplcma stu d en ts for the p i l o t  
s tu d ies
t -sc o r e s
A ll  su b jects  B io lo g ic a l su b jec ts
TEC Cert.
(N=9) 
TEC D ip l. 
(N=8)
0 .16  0.064  
-0 .021  -0 .2 1 1
Figure 2 .2  Student t - sc o r e s  for  groups in  TEC C e r t if ic a te  and
Diplcma courses
There appears to  be no s ig n if ic a n t  d if fe r e n c e  in  a b i l i t y  between each  
o f  the groups so  formed (see  fig u re  2 . 2 ) .
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2 . 4 . 2  The O bjectives for  the P i lo t  Study Learning A c t iv it ie s
B iology I I  i s  a u n it  o f  study in  both o f  the TEC courses involved  in
th ese  p i l o t  s tu d ie s . This u n it  con ta in s a s e c t io n  cn e v o lu t io n ,.
One learning o b jec tiv e  in  the se c t io n  cn ev o lu tio n  i s  described thus:
"D iscusses the evidence for ev o lu tio n  by n atu ral s e le c t io n  
(including f o s s i l  ev idence, ev idence from comparative 
morphology, anatomy, embryology, p h ysio logy , and p la n t and 
animal geography) w ith  referen ce to  two d e ta ile d  case  
s tu d ie s , eg . the ev o lu tio n  o f  the horse and in d u s tr ia l  
melanism in  moths."
(B io logy I I ,  u n it  no. 12 o f  TEC. C e r t if ic a te  in  Science Program 
(160200/77/09), Guildford County C ollege o f  Technology).
This o b je c tiv e  can be met, in  p a rt, t y  the use o f  an Open U n iv ersity
program c a lle d  EVOUJ which req u ires the stu d en t to  look a t  fe e  to rs
a ffe c t in g  the ev o lu tio n  o f  the peppered moth. This program was used
by one group from each o f  the two c la s s e s ,  the second group o f  each
c la s s  taking p art in  a tu to r ia l  concerned w ith the same to p ic  area .
The study o f  the ev o lu tio n  o f  the peppered moth forms the f in a l  p a r t o f  
a le c tu r e  course on ev o lu tio n , which for the TEC Diplcma group 
co n sisted  o f:
1.25h o f  le c tu r es  cn "Genetics for evolution"
3 h  o f  le c tu res  on "Evolutionary th eories"
1.25h o f  le c tu r es  cn "Evidence for evolution"
1 h  tu to r ia l  or use o f  a CAL program as a means o f
providing a case  study o f  the ev o lu tio n  o f  peppered 
moths.
The course for the TEC C e r t if ic a te  group was s im ila r ly  arranged.
-  78 -
2 . 4 . 3  Use o f  EVOUJ
Students using EVOUJ were provided w ith a s e t  o f  package n o tes
(appendix 2) which o u tlin ed  the development o f  in d u s tr ia l melanism in  
peppered moths, B is ton b e tu la r ia . I t  attempted to  r e la te  the  
appearance o f  dark, or m elanic, forms o f  the moth to  an in crease  in  
snoke p o llu tio n  a t  the time o f  the In d u str ia l Revolution in  the U.K. 
Q uestions were a ls o  asked in  the package n otes in  an attem pt to
encourage the stud ents to  th ink  about what they were reading.
Following the in trod u ctory  n o tes , in s tr u c tio n s  were g iven  in  the n o tes  
on the use o f  the computer and the program EVOUJ. I t  was suggested in  
th ese  notes th a t the stu d en ts attem pt to  show changes in  the numbers o f  
l ig h t ,  non-m elanic, moths and dark coloured , m elan ic, moths in  a number 
o f  environmental s itu a t io n s :
(a) A rural area,
(b) A rural area w ith  a new in d u s tr ia l development,
(c) An in d u s tr ia l  area,
(d) An in d u s tr ia l  area becoming a sn ok eless  zone.
The students were a ls o  asked to  determ ine the e f f e c t  o f  d if f e r e n t  
m utation ra tes  o f  th e moth in  the above four environm ents. Here i t
f
was expected th a t the stu d en ts would s e le c t  a h igh  and a low m utation  
ra te  in  e ith e r  s itu a t io n  (b) or ( d ) .
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2 . 4 . 4  T u toria l
The tu to r ia l was conducted t y  a b io logy  le c tu rer  a t  the c o l le g e .  The 
tu to r ia l  was introduced t y  th is  le c tu r er  who explained the appearance 
o f  the two forms o f  the moth and how v e i l  they camouflaged w ith the  
bark o f  trees  in  variou s environm ents. The r e s t  o f  the tu to r ia l ,  in  
summary, covered moth predation  t y  b ird s , the e f f e c t  o f  p o llu t io n  cn 
population changes o f  the variou s forms o f  the moth, m utations, and 
K etterw e ll's  research o f  in d u s tr ia l melanism in  the moths. In o th er  
words, s im ila r  inform ation was presented in  the tu to r ia l  as in  the CAL 
package, EVOUJ.
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2 . 4 . 5  Research techniques for p i l o t  s tu d ies
( i )  The studen ts using the computers were requested to  work in  p a ir s .  
One p a ir  o f  each o f  the two groups (TEC C e r t if ic a te  and TEC 
Diplcma) were observed using the program. The stu d en ts' unspoken 
a c tic n s  ( fo r  example INPUTS, the reading o f  package n otes e t c . ) ,  
carments th a t they made to  each o th er  and to  the teach er, and 
comments th a t the teacher (RID) made to  the stu d en ts were recorded  
on p ro to co l sh eets  (appendix 3 ) .
( i i )  T u tor ia ls  wore organised t y  the teacher according to  the to p ic  
area su ggested , but no further a s s is ta n c e  was g iv e n . The 
tu to r ia ls  were thus presented t y  the teacher h o p e fu lly  as h e would 
normally do so . The tu to r ia ls  wore tape-recorded and la te r  
transcribed verbatim .
( i i i )  A ll  stud ents p a r tic ip a tin g  in  th ese  s tu d ie s  completed and returned  
a q u estion n aire  (appendices 4 and 5) which requested th e ir  
opin ions o f  th e ir  experience w ith e ith e r  the CAL program or  the  
t u t o r ia l .
( iv )  The stu d en ts wore interview ed in  p a ir s  e ith e r  cn the same day as  
the tu to r ia l  or  use o f  the CAL program, or  i f  th is  was n o t  
p o s s ib le , cn the follow ing day. The in terv iew s attem pted to  
d isco v er  what the students had learned , the th in gs th a t th ey  had 
lik ed  about the p a r ticu la r  learn ing s itu a t io n , or the d i f f i c u l t i e s  
they had encountered. A ll  in terv iew s wore tape-recorded and 
la te r  transcribed  verbatim .
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(v) The stud en ts wore asked to  undergo an assessm ent one week 
follow ing e ith e r  th e ir  use o f  EVOUJ or a f t e r  having taken p a rt in  
the t u to r ia l .  The assessm ent (appendix 6) was o f  th e ir  
understanding and r e c a ll  o f  fa c ts  a sso c ia ted  with the s p e c i f ic  
to p ic  o f  in d u s tr ia l melanism in  peppered moths. I t  attem pted to  
compare the r e la t iv e  e f fe c t iv e n e s s  o f  CAL and tu to r ia ls  using a 
nom othetic approach.
2 .4 .6  Evaluation o f  student learning a c t i v i t i e s
Before any teaching or learning method can be compared, a s u ita b le  
means o f  determ ining the learn ing a c t i v i t i e s  o f  stud ents must be 
a v a ila b le . The su ccess o f  a p a r tic u la r  teach in g /learn in g  method can 
be determined t y  d escrib in g  each a c t iv i t y  according to  a typology such  
as th a t used t y  Kemmis (1977a) and L aurillard  (1978a) s p e c i f ic a l ly  for  
CAL, and th a t o f  Blocm (1956) for a l l  learn ing s i tu a t io n s .  I t  was 
f e l t  th a t Bloom's taxonomy o f  c o g n itiv e  a c t i v i t i e s  had much to  o f f e r ,  
su b jec t to  c er ta in  m o d ifica tio n s, in  the a n a ly s is  o f  c o g n it iv e  
a c t iv i t i e s  in  th ese s tu d ie s . The number o f  c o g n it iv e  a c t i v i t i e s  as  
suggested fcy Blocm was reduced t y  the condensation o f  s im ila r  
a c t i v i t i e s ,  where appropriate, or t y  the e lim in a tio n  o f  a c t i v i t i e s  
which appear to  be ir r e le v a n t  to  th ese  s tu d ie s . The l i s t  o f  c o g n it iv e  
a c t iv i t i e s  produced (f ig u r e  2 .4 ) co n sisted  o f  tw elve c o g n it iv e  
a c t iv i t i e s  arranged in  h ie r a rc h ica l order. Each c o g n it iv e  a c t iv i t y  
was assigned  a le v e l ,  le v e l  one being the a c t iv i t y  o f  lo w sst c o g n it iv e  
a c t iv i t y ,  and tw elve o f  h ig h e s t  c o g n it iv e  a c t iv i t y .
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Level D escrip tion  o f  c o g n it iv e  a c t iv i t y
KNOWLEDGE
1 ----- ..R e c a ll  o f  m a te r ia l.S tr a te g ic  d e c is io n s .
COMPREHENSION
2 ----- . .T ran slation  -eg  .graph, ta b le  e t c .  in to  
words; measures and records d a ta .
3 ----- . .  In terp reta tio n  - i n  th a t data i s  
explained to  show cause and e f f e c t .
4 ----- . .E xtrapolation  -p red ic tin g  consequences 
or e f f e c t s  t y  continuing a trend.
APPLICATION
5 ----- . .S e le c t in g  the appropriate enquiry s k i l l s  
when performing an experim ent. « 
Recognises the operation  o f  seme 
p r in c ip le  in  a g iven  s itu a t io n .
6 ----- ..P r e d ic ts  the e f f e c t  o f  change o f  a —  
fee  tor cn a s itu a t io n .
ANALYSIS
7 ----- ..A b le  to  id e n t ify  hyp otheses, assumptions 
co n tro ls  o f  a g iv en  experim ent.
8 . . . . . .H ypothesis te s t in g  using experim ental 
d ata .
SYNTHESIS
9 ----- ..Experim ental d esign  ( to  t e s t  
hypotheses e t c . )  >, . *
1 0 . . . ..H ypothesis form ulation. p
1 1 . . . ..In te r p r e ta t io n  - t o  d isco v er  new 
knowledge (as for  as the stu d en t i s  
concerned). ^
EVALUATION
1 2 . . . . .Makes judgements e g . ev a lu a tes  accuracy.
Figure 2 .3 Hierarchy o f  stud en t c o g n it iv e  a c t i v i t i e s  based cn 
Blocm1 s taxcnany o f  behavioural o b je c t iv e s .
Using th is  h ierarchy o f  c o g n it iv e  a c t i v i t i e s ,  the le v e l  o f  each o f  the  
a c t i v i t i e s  demonstrated t y  stud en ts using EVOUJ or  during the tu to r ia l  
could be determined and marked in  the appropriate p la ces  on the 
p ro to co l sh e e ts . I t  was thus p o s s ib le  to  show the progress o f  a 
stu d en t, or p a ir  o f  stu d en ts, through a p a r tic u la r  learning s itu a t io n  
in  terms o f  the a c t iv i t i e s  th a t ware dem onstrated. By determ ining the  
proportion o f  the a c t iv i t i e s  a t  each co g n itiv e  l e v e l ,  i t  was p o ss ib le  
to  obta in  an idea  o f  the range o f  co g n itiv e  l e v e l s  encouraged t y  the 
variou s learning m ilieu .
2 .5  Main study research methodology and techniques
2 .5 .1  Aims
The main aim o f  th ese s tu d ie s  was to  d escr ib e  the e f f e c t  on stud en t 
a c t i v i t i e s  including learn ing th a t the stru ctu re  o f  a CAL program can 
h ave. The d escr ip tio n s  o f  learning occurring during the use o f  a CAL 
program provided ty  previous workers were n o t thought to  be su ita b le  
for th ese  s tu d ies  for a number o f  reasons.
Although Kermis' (1977a) and la u r i l la r d 's  (1978a) ty p o lo g ies  are u se fu l 
in  p red ictin g  the type o f  a c t iv i t y  th a t a stu d en t using a CAL program 
m ight dem onstrate, they make no attem pt a t  r e la t in g  the learning  
a c t iv i t y  to  vhat i s  being le a r n t by the stu d en t.
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The development o f  a method which would be d e ta ile d , or c l i n i c a l ,  in  
i t s  approach to  learning a c t iv i t y  and to  what appears to  be le a rn t was, 
th ere fo re , one o f  the e s s e n t ia l  p r e re q u is ite s  o f  th ese  s tu d ie s . The 
method produced would have to  be open-ended in  th a t i t  must be f le x ib le  
to  a llo w  any unexpected even ts to  be recorded (L au rillard , 1979). The 
development o f  such a method, the In tera ctio n  Model for d escr ib in g  
learning i s  described in  chapter 5 .
In order to  s a t i s f y  the main aim o f  th is  study, th a t i s  to  determ ine 
the e f f e c t  o f  program stru ctu re  cn learn in g , i t  was decided to  take a 
published program and m odify i t  in  a number o f  ways. Such 
m o d ifica tion s were to . in c lu d e  changing the format fran a "normal" 
sim ulation  program to  th a t o f  a game, and to  in c lu d e  q u estion s and 
guidance.
An e s s e n t ia l  p r e re q u is ite  for the use o f  a CAL sim u lation  program, in  
my op in ion , i s  for the program to  be ab le  to  extend the h orizon s o f  
understanding o f  the stud en t in  a way th a t no o th er  type o f  teaching  
aid  can. I t  must, th erefore , be accep tab le  both to  the stu d en t and to  
the teach er. These people must regard i t  as being e f f i c i e n t  e i th e r  in  
terms o f  time spent acquiring a "package o f  knowledge" or in  
understanding the sim ulation  m odel. I t  was th erefo re  n ecessary  to  
use a sim ulation  in  a to p ic  or  su b jec t area which would ( i )  be r ic h  in  
o p p ortu n ities  for sim u lation s, and ( i i )  one which would be co n cep tu a lly  
d i f f i c u l t  for  the students p a r tic ip a tin g  in  these s tu d ie s .
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—— —  —  —  — —  —— — ——
for the main study GAL programs
I t  i s  necessary  for  the b io lo g y  stud en t to  master a large  nunber o f  
con cep ts. Such concepts can in clu d e those o f  the c e l l ,  o f  l i f e ,  and 
o f  h cm eostasis. Although most stud en ts find l i t t l e  d i f f i c u l t y  in
acquiring and understanding m ost o f  th ese  concepts, there are a number 
o f  concepts which are tr a d it io n a lly  found d i f f i c u l t .  In an attem pt to  
id e n t ify  th ese  " d iff ic u lt"  con cep ts, a search o f  the U n iv ersity  o f  
London's GCE tr ie n n ia l examiners' reports for Ordinary and Advanced 
le v e l  b io lo g ic a l  su b jects  between 1969 and 1978 was carried  o u t.
Ihe su b jec t area o f  each q u estion  (or  subquestion) was determined for  
each o f  the re lev a n t exam ination papers. I t  was noted vhether the  
examiners had found th a t the stud en ts had found d i f f i c u l t y  in  
understanding the required su b jec t m ater ia l for th a t q u estio n . The 
combined r e s u lt s  for a l l  b io lo g ic a l  su b jects  (excep t human b io logy) o f  
th is  survey are g iven  in  fig u re  2 .4 .
Several su b jec t areas, s p e c i f ic a l ly  eco logy  and g e n e t ic s ,  appear to  be  
d i f f i c u l t  for  students studying b io lo g y . Johnstone and Mahmoud (1980) 
analysed the examiners' rep orts for  the S c o tt ish  C e r t if ic a te  o f  
Education between 1970 and 1978 and a ls o  found th ese  two su b jec t areas  
to  be d i f f i c u l t  ones. However, as Johnstone and Mahmoud carmen ted in  
th e ir  paper, the c r it ic ism s  o f  examiners must must be a fu nction  o f  
question  d i f f i c u l t y  as v e i l  a s  o f  genuine weakness in  stu d en t  
knowledge.
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Topic "o/ l *t "a/ l11 "O'VA'Vl
Biochem istry &
b io lo g ic a l chem istry 4 50) 9 44) 13 (46)
Animal ph ysio logy 10 30) 13 85) 23 (61)
Animal typ es, anatomy e t c . 21 3) 19 63) 40 (53)
C e ll stru ctu re 1 100) 2 0) 3 (33)
Ecology 12 58) 8 88) 20 (70)
Evolution 0 0) 3 33) 3 (33)
Experimental data  & 
experim ental d esign  - 4 75) 5 2) 9 (56)
G enetics ( i n c l . c e l l  d iv is io n ) 1 0) 8 ; 88) 9 (78)
M icrobiology . 2 100) 8 63) 10 (70)
P lant typ es, anatomy e t c . 5 20) 7 86) 12 (58)
P lant ph ysiology 11 64) 8 88) 19 (74)
Key: In the above ta b le , the number o f  
q u estion s the above .to p ics  are g iv en , - and 
the p ercen ta g e . o f  th ese  found ' to  b e r 
d i f f i c u l t  for the stud en ts by the  
examiners are g iv en  in  brackets  
fo llo w in g , e g . 4 (50)
Table showing frequency o f  to p ic s  in  GCE "0" and
"A" le v e l  b io lo g y  examination papers, and the
d i f f i c u l t y  th a t the students have w ith each o f
th ese  to p ic s
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The d i f f i c u l t y  stu d en ts have w ith e c o lo g ic a l to p ics  m ight p o s s ib ly  be 
caused both fcy the conceptual d i f f i c u l t y  o f  the su b jec t area and the 
sm all amount o f  time th a t stud en ts study i t .  S ixteen  year o ld  b io lo g y  
students in  the U.K. have very  l i t t l e  experience o f  eco logy  b esid es  
th a t o f  a b a s ic  understanding o f  food chains, food wabs and m ineral 
c y c le s . Even e ig h teen -y ea r  o ld  stud ents do n ot extend th e ir  knowledge 
and understanding o f  ecosystem s far beyond th is  (Booth, 1979).
Since ecology and g e n e t ic s  are both to p ic  areas vh ich  lend them selves 
to  having c er ta in  amount o f  th e ir  su b jec t m ateria l being presented  by a 
CAL program, the d e c is io n  as to  which CAL programs to  use had to  be 
based cn scmewhat d if f e r e n t  c r i t e r ia .  The d e c is io n  to  use a S ch oo l's  
Council pond eco logy  program, POND-2, as the b a s is  for  a s e r ie s  o f  
programs to  be developed during th is  research programme v e s  made
because POND-2 was expected to  encourage a much g r e a te r  range o f
■? ?student c o g n it iv e  a c t i v i t i e s ,  because o f  i t s  breadth o f  su b jec t  
content, than g e n e t ic s  programs concerned w ith c a lcu la tin g  the r e s u lt s  
o f  crosses in  variou s organism s.
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2 . 5 . 3  Research techniques for  the main s tu d ies
The main s tu d ie s  ware concerned w ith examining the d e t a i l s  o f  stu d en ts' 
experiences using a sim ulation  program. I t  was, th ere fo re , n ecessary  
to  use a scmewhat c l in i c a l  approach to  the observation  and a n a ly s is  o f
the stu d en ts. T h is, o f  course, i s  a time-consuming p rocess which
leads to  the accum ulation o f  m ostly  q u a lita t iv e  d a ta . This meant th a t  
by adopting a ca se -stu d y  approach, a r e la t iv e ly  sm all number o f
students would be involved  compared to  s tu d ies  where a nom othetic
approach i s  adopted.
However, by adopting a case-stu d y  approach I hoped th a t I  would be 
s e n s it iv e  enough to  stud en t behaviour so  th a t the v a r iou s „ im portant 
fee  tors a ffe c t in g  th e ir  learn ing experience would become apparent.
Before using a sim ulation  program the students were g iv e n  a  "pre-run" 
in terv iew . The purpose o f  th is  in terv iew  was to  a sc e r ta in  th e ir  
understanding o f  the main e c o lo g ic a l concepts o f  the sim u la tion  m odel. 
Each stu d en t was asked:
a) To d e fin e  what they understood by the term "food pyramid".
b) To imagine th a t they are a teacher who has to  g iv e  a  s e r ie s  o f  
le s s e n s  in  eco logy , and to  d escr ib e  how they would ex p la in  a  food 
pyramid to  th e ir  stu d en ts. j !
c) To g iv e  an example o f  a food, pyramid? * ■» s / 1 •! ‘ ■:, i-■'
The food pyramid concept i s  the cen tra l concept o f  the s im u la tio n s used 
in  th ese s tu d ie s . Other concepts (fo r  example th a t o f  equilibrium ) 
are a ls o  n ecessary  for  a complete understanding o f  the s im u la tio n s , but 
are le s s  im portant.
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By asking a stud en t how they would exp la in  a food pyramid i f  they ware 
a teacher I expected the stud en t to  exp la in  a food pyramid in  a 
d if f e r e n t  way frcm th a t provided in  th e ir  d e f in it io n  and/or in d ic a te  
th e ir  preferred  teaching method( s ) .
The th ird  question  was asked to  determ ine whether th e ir  understanding 
o f  a food pyramid was c o r r e c t . The p rov ision  o f  in c o r r e c t  organisms 
or the em ission  o f  e s s e n t ia l  organisms ( l ik e  p h o to sy n th etic  p la n ts)  
would in d ic a te  a d i f f i c u l t y  in  understanding o f  the food pyramid 
concept and thus the sim ulation  model. An idea  o f  the r e la t iv e  s iz e s  
o f  the pop ulations i s  a ls o  required .
Ihe pre-run in terv iew  was tape-recorded and transcribed  verbatim .
Following the pre-run in terv iew  the stud ents w a r e -b r ie f ly  in stru cted  
how to  use the computer. A dd itional h e lp  was a v a ila b le  frcm the  
observer during the program run whenever i t  was a b so lu te ly  required . 
The stu d en ts ware in stru c ted  to  use the sim ulation  program to  "try and 
find ou t a s much as they can about pond eco logy" . They were to ld  th a t  
they could use the program for  as long as they wanted to , th a t  i s  u n t i l  
such time th a t they f e l t  th a t they have acquired as  much inform ation  as  
they could from the program.
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The stu d en ts ware not allow ed to  became fa m ilia r ised  w ith  the concepts 
o f  the program, th a t i s  by reading package n o tes  before using the 
program. I  f a i t  th a t th is  was necessary  because package n o tes m ight 
s e r io u s ly  in flu en ce  the way th a t a student p erce iv e s  the g o a ls  o f  the  
program. The e f f e c t  o f  program stru c tu re , n o t package stru ctu re , on 
learn ing i s  o f  prime importance in  th ese s tu d ie s . My aim was to  
determ ine the "power" o f  programs in  terms o f  the c o g n it iv e  a c t i v i t i e s  
th a t they encourage. I  b e liev ed  i t  n ecessary  to  look on ly  a t  the  
e f f e c t  o f  program stru ctu re  on learning because many stu d en ts do n o t  
use package n o tes even when provided w ith  them, or they tend n o t to  use 
them as the authors o f  the n o tes would w ish . In th is  kind o f  
s itu a t io n , the '.program, should be pow erful enough to  accom plish what the . 
whole package, in  p r in c ip le , i s  required to  do .
In th is  type o f  research, much u se fu l inform ation and data may n o t be 
included because- o f  the fa ilu r e  o f  the research  su b jec ts  to  make c ; j 
e x p l i c i t  what they are thinking and see in g . Thus, the stud en ts in  
th ese  s tu d ie s  were requested to  ta lk  as much as p o s s ib le  w h ils t  using  
the program. I  asked them to  provide a running commentary in  which 
they exp la in  what they are doing , see in g  and th in k in g . Students who 
were r e t ic e n t  to  ta lk  were encouraged to  do so  by the observer (RTD) 
who asked "prompting" q u estio n s.
As the students used the sim ulation  prcigram, th e ir  a c t io n s , th e ir  
carments and any carments th a t the observer made, were recorded on 
p ro to co l sh eets  (appendix 3 ) .  A hardcopy p r in to u t o f  the inform ation  
presented on the VDU by the computer or by the stud ou t as INPUTS was 
obtained for future referen ce .
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Following the com pletion o f  the prog ram-run, a second in terv iew  was 
carried  o u t. This in terv iew , ccmmenced fcy asking a number o f  
q u estio n s, three o f  which had been p rev io u sly  asked during the pre-run  
in terv iew :
a) What do you th ink the main p o in ts  th a t were brought ou t by the  
program?
b) Have you been taught th ese  p o in ts  before?
c) Would you d e fin e  a "food pyramid".
d) Imagine th a t you are a teacher who has to  g iv e  a s e r ie s  o f  le sso n s  
in  eco logy . How would you ex p la in  a food pyramid to  the  
students?
e) Can you g iv e  an example o f  a food pyramid?
Following th ese qu estion s stud en ts wore questioned about th e ir  program 
run. The stim ulated r e c a l l  technique (Calderhead, 1981) was used 
during the in terv iew  to  tr y  and obtain-m ore d e ta ile d  inform aticn about 
what they had observed or thought about a t  c er ta in  tim es during th e ir  
program run. For th is  I  made use o f  the p r in to u t o f  th e ir  program run 
and the observation  p ro to co l sh e e ts . This was e s p e c ia l ly  n ecessary  
for  those students who had fo ile d  to  provide a d e ta ile d  running 
commentary. I  f e l t  th a t in  th is  way, sane o f  the in e v ita b le  em ission s  
which a l l  students w a ll make when trying to  provide a commentary would 
be avoided.
-  92 -
The th ird , and u su a lly  b r ie f ,  p a r t o f  the in terv iew  was concerned w ith  
ascerta in in g  hew w e ll the stud ent had enjoyed (or otherw ise) the  
program, and any c r it ic is m s  they might have had or any su ggestion s for  
the imprcvorient o f  the program.
The post-run in terv iew  were tape-recorded and transcribed verbatim .
2 .5 .4  E valuation o f  stu d en t learning a c t i v i t i e s .
Having acquired a  s e t  o f  p ro to co l sh ee ts , a hardcopy p r in to u t o f  the  
program run, and in terv iew  tra n scr ip ts  (p re- and post-run  in terv iew s)  
for each stud ent p a r tic ip a tin g  in  these s tu d ie s , the problem was how 
they should be analysed to  find  ou t vhat had been le a r n t, how and vhy. 
A v a r ie ty  o f  methods ware developed, sane o f  vh ich  had to  progress  
through a number o f  developm ental sta g es  before a s a t is fa c to r y  method 
evolved . The a n a ly s is  o f  the a v a ila b le  data for  each o f  the stu d en ts  
attempted to  determ ine:
i .  The fa c tu a l Knowledge acquired, %■
i i .  How the s tu d en t's  conceptual stru ctu re  had changed during the  
program run, and vhy,
i i i .  How the program had been used in  terms o f  a " s c ie n t i f ic  e x e r c ise " .
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Ih e p re- and post-run  in terv iew s provide sane idea  as to  the Knowledge 
th a t has been acquired using a CAL program. However, l i t t l e  more i s  
achieved here than could have been achieved by using p re- and 
p o s t - t e s t s .  More im portant and in ter e st in g  are the ways in  vhich the  
studen ts acquired concep ts, the order in  vhich  they m ight do so , and 
the fa c to rs  vhich in flu en ce  these p ro cesses . These were in v e s tig a te d  
by a number o f  methods including the 'construction o f  concept maps and 
by using the In tera ctio n  Model.
Concept maps, although they show in  o u t lin e  how concepts are acquired  
in  r e la t io n  to  one another, are not dynamic and show the process o f  
learn ing demonstrated by the stu d en ts.
Ihe In tera ctio n  Model vh ich  I  developed as a method o f  a n a ly s is , on the  
oth er hand, attem pts to  show the dynamic nature o f  the learn ing  
experien ce . Ihe In tera ctio n  Model i s  used in  th ese  s tu d ie s  as the
main way by vhich the p ro to co l sh eets  and in terv iew  tr a n sc r ip ts  are
analysed . Each s tu d en t's  learning experience i s  d escrib ed  using the
In tera ctio n  Model. This forms p a rt o f  a s e t  o f  c l i n i c a l l y  d e ta ile d  
case-stu d y  n o te s .
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The method f in a l ly  developed for analysing the p ro to co l sh eets  and
in terv iew  tra n scr ip ts  c o n s is t s  o f  the follow ing procedures:
i .  Using the inform ation frcm the pre-run in terv iew  to  determ ine the  
p r e -e x is t in g  b e l i e f s  concerned w ith the concept "food pyramid".
i i .  Using the ob servation s o f  the stu d en ts, th e ir  comments during the 
program run and from the post-run in terv iew  d ata , I  attem pt to  
d escr ib e , in  d e t a i l ,  v e rb a lly  and d iagran m atica lly  (using the  
In tera ctio n  Model) the process o f  stu d en t lea rn in g . The 
d e scr ip tio n s  o f  learning are ch ro n o lo g ica l, e p iso d ic  
rep resen ta tion s o f  th is  p rocess . 1 The diagrams thus attem pt to  
show a dynamic learn ing p rocess .
i i i .  Using the post-run  in terv iew  data the n e t  r e s u l t  o f  the s tu d en t's  
program run i s  described  in  terms o f  the fa c tu a l knowledge 
acqu ired .
-  95 -
Chapter 3 
P i lo t  Study R esu lts
3 .1  Introduction
The aims o f  th ese  p i l o t  s tu d ie s  ware:
i .  To evalu ate the e f fe c t iv e n e s s  o f  CAL as a method o f  learning  
when compared to  o th er learning m ilie u .
i i .  To develop  and eva lu ate  methods o f  ev a lu a tio n  for the  
learning p rocesses demonstrated by stud en ts p a r tic ip a tin g  in  
th ese  s tu d ie s .
In chapter 2 , I  described  the variou s teaching/  learn ing media used in  
th ese  p i l o t  s tu d ie s .  In th is  chapter I  w i l l  d is c u s s  the r e s u lt s  o f  
th is  comparison and the r e s u lt s  obtained using o th er  CAL programs and 
learn ing m ilie u . I  w i l l  a ls o  in clu d e in  th is  chapter a d isc u ss io n  o f  
the methods I  used in  th ese p i l o t  s tu d ies  to  ev a lu a te  stu d en t learn ing  
a c t i v i t i e s .
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3 .2  Comparison o f  the e f fe c t iv e n e s s  o f  EVOUJ and a tu to r ia l
3 .2 .1  Overview o f  Methodology
A f u l l  account o f  the m ethodologies used in  th ese  p i l o t  s tu d ies  was 
g iv en  in  s e c tio n  2 .4  o f  the previous chapter. In th is  se c t io n , I  
in ten d  on ly  to  summarise the m ethodologies to  re fresh  the readers
memory.
Students frcm two courses (TEC C e r t if ic a te  and TEC diplcma in  Science) 
were used in  th ese  p i l o t  s tu d ie s . Each group o f  stu d en ts was d ivided  
in to  matched groups based on p a s t  assessm ents o f  th e ir  course work. 
One group frcm each course used the program EVOUJ working in  p a irs  a t  
the microcomputer, the o th er  group frcm each course attended a tu to r ia l  
s e s s io n . A ll  student a c t i v i t i e s  a t  the computers wore recorded on 
p ro to co l sh eets  (appendix 3 ) .  Ihe tu to r ia l  s e s s io n  was tape-recorded  
and transcribed  verbatim . The students wore in terview ed and asked to
com plete a questionnaire a f t e r  using EVOHJ or taking p a rt in  the
t u t o r ia l .  One week fo llow ing the CAL or tu to r ia l  se ss io n  the  
stu d en ts were g iven  id e n t ic a l  w r itten  assessm ents (appendix 6) to  
determ ine th e ir  understanding o f  the to p ic , in d u s tr ia l melanism in
peppered moths.
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3 . 2 . 2  P ro toco l A nalysis
3 .2 .2 .1  Method
A ll  a c t i v i t i e s ,  th a t i s  both o f  the students and o f  the supervising  
teacher, th a t were observed during the use o f  EVOUJ were recorded cn 
p rotoco l sh e e ts . These p ro to co l sh eets  (appendix 3) were d iv ided  in to  
four colum ns:- Time, stu d en t a c tio n s , student carmen t s ,  and teacher  
comments.
The stud en t a c tio n s  noted were m ainly the INPUT parameter v a lu es , but 
o c ca s io n a lly  they included ob servation s th a t the stud en ts had referred  
to  th e ir  package n otes or seme o th er  s im ila r  s o r t  o f  a c t iv i t y .  
Student and teacher Garments were u su a lly  recorded verbatim  cn the 
p ro to co l sh e e ts , but o c ca s io n a lly  on ly  a  summary could be recorded.
The p ro to co l were analysed to  determ ine the c o g n itiv e  le v e l  o f  a l l  
studen t a c t i v i t i e s .  This a n a ly s is  was performed using my taxonomy o f  
c o g n itiv e  a c t i v i t i e s  (f ig u r e  2 .3 ) .
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Time Student A ction Student Carmen t s
9 .14
9 .18
9 .20
9.22
9.23
Read package n otes.
Canmenced program run.
Input m utation rata l 
o f  7 . > ©
Input 30,000 l i g h t !
moths. VO*)
Input 70,000 dark j 
moths. J
Input year 30.
Devon i s  co u n try -lik e  and 
un pollu ted . B u ilt-u p  
areas such as London are  
p o llu te d .
"\
D iscussed vhich mutation  
ra te  to  use, trying to  
r e la te  th is  to  the number 
o f  dark and l ig h t  moths 
p o llu ted  areas (looking  
a t  f ig .  2 in  the package 
n o te s . j
© -
- 7
D iscussed the year in  
vhich  they w i l l  change 
the environment in  the 
sim u la tio n .
Input 1 (environment 
favours l ig h t  m oths).
looked a t  output o f  
r e s u lt s .
}®6 ) -  6"Numbers o f  l ig h t  and T 
dark moths should s ta y  r  ^  
constant."  J
Decided too many dark 
moths for a ru ra l area .
)-3
_ u
- 7
Figure 3 .1  E xtract o f  an analysed p ro toco l sh eet o f  a p a ir  o f
students using EVQID
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To analyse the p ro to co l sh e e ts , the a c t iv i t i e s  vere numbered to  shew 
th e ir  ch ron olog ica l order. Each a c t iv i t y  number was en c irc led  to  
d is t in g u ish  i t  from the c o g n it iv e  le v e l  number I assigned  to  th a t  
a c t iv i t y  and shcwi on th ese  p ro toco l sh eets  by the s id e  o f  th a t  
a c t iv i t y  number. Figure 3 .1  i l lu s t r a t e s  the r e s u lt  o f  such an 
a n a ly s is . B ic ir c le d  numbers representing a p a r ticu la r  a c t iv i t y ,  
numbers not en c irc led  rep resen t the co g n itiv e  le v e l  assigned to  th a t  
a c t iv i t y .
3 .2 .2 .2  V alid ation  o f  P ro to co l A nalysis
I f e l t  th a t i t  was n ecessary  to  check my a n a ly s is  o f  th ese  stu d en t  
a c t iv i t i e s  and comments. Two judges vere chosen both o f  vhem were 
teach ers, had ed u cation a l q u a lif ic a t io n s  and had used CAL in  th e ir  
teach in g . I  thus hoped th a t they would n o t be too un fam iliar w ith  
e ith e r  th is  type o f  CAL output or the education al terms and concepts  
being used to  an alyse the d a ta .
Judge 1 (CD) was a p art-tim e b io lo g y  teacher a t  G uildford County 
C ollege o f  Technology having obtai ned h er  post-graduate c e r t i f i c a t e  in  
education in  1980.
Judge 2 (JHC) had been teaching p h ysics a t  Guildford County C o llege  o f  
Technology for  n in e  ; y e a r s . ^He had obtained a M. Sc. • in  p h y sic s
education . He has had con sid erab le  experience' i n  using GAL; in  h i s  
p h ysics  teaching a t  the C o lleg e .
-  100 -
To enable as good a judgement as p o s s ib le  o f  the a n a ly s is  o f  the  
observation  s tu d en ts, the p ro toco l sh eets  o f  a p a ir  o f  TEC C e r t if ic a te  
students using POND-2 ware used. I  chose POND-2 because I b e liev ed  
th a t th is  program had encouraged a c t iv i t i e s  and comments o f  a wider 
range o f  c o g n itiv e  l e v e l s  than had EVOIU and would, th ere fo re , be more 
su ita b le  for th is  e x e r c is e . I  had judged th a t these stud en ts had made 
the follow ing number o f  a c t iv i t i e s  a t  each o f  the tw elve c o g n it iv e  
le v e ls  in  my taxonomy:
C ognitive
le v e l: 1 2 3 4 5 6 7 8 9 10 11 12
Number o f  
a c t iv i t i e s 31 20 8 2 5 7 2 0 0 0 1 0
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To a llow  the judges to  make th e ir  eva luation  o f  the c o g n it iv e  le v e l  o f  
each o f  the a c t i v i t i e s  o f  stud en ts using a CAL program, I  provided them 
w ith:
i .  A d e scr ip t io n  o f  the program POND-2, the concepts th a t the  
stud en ts should encounter and acquire by using the program,
i i . Ihe p ro to co l sh ee ts  cn which each o f  the s tu d en ts ' a c t i v i t i e s  
and comments had been d istin g u ish ed  and numbered (1 to  7 6 ),  
(se e  appendix 7 a ) .
i i i .  A hardcopy p r in to u t o f  a run o f  the program using the  
studen ts' INPUT v a lu es  “which I  obtained from th e ir  p ro to co l  
sh eets  -  a  hardcopy p r in to u t o f  the stu d en ts' a c tu a l run i s  
n o t a v a i la b le ) ,
iv .  A d e scr ip tio n  o f  each o f  the tw elve c o g n it iv e  le v e l s  in  my 
taxonomy o f  c o g n it iv e  le v e l s .
I  asked the judges to  a ss ig n  a co g n itiv e  le v e l  to  each o f  the stu d en ts'
a c t iv i t i e s  marked cn the p ro to co l sh e e ts . In a d d itio n , the judges were
asked bo say (1) whether they would have d is tin g u ish e d  any o th er
student a c tio n s  or  ccnments vhich they thought I  should have, but 
, *
d id n 't , d is t in g u is h , or  (2) whether I  had d is tin g u ish e d  a stu d en t  
comment or a c tio n  which they b e lieved  I should n o t have dene.
On the return o f  the completed p ro toco l sh eets  by the ju dges, I  
determined : -
i .  The le v e l  o f  agreement between m y se lf and each o f  the ju d ges, 
and
i i .  The le v e l  o f  agreement between each o f  the two ju d ges.
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Both judges had commented to  me during the period they were analysing  
the p ro to co l sh e e ts , and indeed afterw ards, vhen they had returned the  
sh e e ts , th a t they thought there could e a s i ly  be d iscrep a n c ies  in  th e ir  
in te r p r e ta t io n . These d iscrep a n cies  could have occurred because they  
had n o t known the f u l l  h is to r y  o f  the students and thus d id  n ot know 
whether sane o f  the a c t i v i t i e s  wore, for example, m erely r e c a l l  o f  
m a ter ia l or  had been a h yp oth esis put forward by the s tu d en ts.
T herefore, for  each o f  the a c t iv i t i e s  where “my assessm ent o f  i t s  
co g n it iv e  l e v e l  d isagreed  w ith  th a t o f  a judge, the judge was asked the 
reason why they had placed  assigned  th a t p a r tic u la r  c o g n it iv e  a c t iv i t y  
to  the a c t iv i t y .  I f  I b e liev ed  th e ir  reason to  be v a l id ,  th a t i s  n o t  
d isa g ree  wdth my knowledge o f  the s itu a t io n  th a t p rev a iled , I  then  
checked whether the c o g n it iv e  le v e l  to  be appropriate fo r  th a t reason. 
I f  n o t, the judge and m y se lf n egotia ted  th e  "correct" le v e l .  I f  I  
b eliev ed  the reason provided by the judge n o t to  be v a l id ,  I  then  
d iscu ssed  w ith  the judge what I  thought had been -happening, a t  th a t  
p o in t in  the stud en ts' program run. This I was a b le  to  do having been  
p resen t when the students had used the program, and thus knowing more 
o f  what had occurred a t  th a t time in  the program run. By d iscu ss in g
what wa b e liev ed  to  have happened, then e ith e r  the judge or m y se lf
changed our opinion o f  the le v e l  o f  the a c t iv i t y ,  or  wa agreed to
d isa g r ee . Under no circum stances d id  I ,  o f  course, attempt; to  impose 
my judgement cn a judge. This n ego tia tin g  e x e r c ise  was intended on ly  
to  p ro /id e  the background inform ation for judges th a t they f e l t  th ey  
lacked to  carry o u t the a n a ly s is .
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On o cca sio n s the judge would admit th a t s /h e  had made an error in  th e ir  
judgement, for example:
"I thought th a t th is  was r e c a l l  o f  knowledge. Y es, i t  i s  a 
c o n tro l o f  the experim ent, th a t i s  le v e l  7 . I t  i s  
recogn isin g  the p r in c ip le  o f  a g iv en  s itu a t io n . Ihe  
stu d en ts have n o t done anything y e t .  You are r ig h tl"  (CD)
"I d o n 't  knew vhy I  sa id  th a t th is  was le v e l  4 . I t  i s  le v e l  
1."  (CD)
"Not r ig h t  h e r e . My m istak e. Should be 3." (JHC)
On o th er  o cca sio n s, our d isc u ss io n s  led  to  a change o f  the judges 
o p in io n :
"I thought i t  was ob servation  o f  vhat happened. There fore  
should be 3 . In terp reta tio n ."  (JHC)
"Misunderstanding o f  vh at the student sa id . Therefore le v e l  
6."  (JHC)
"I thought th a t th is  was p red ic tio n , but they are r e c a llin g  
th a t January i s  a co ld  month and th erefore th ere are fever  
organism s, th a t i s  l e v e l  1." (CD)
On o th er  o cca sio n s, our d isc u ss io n  d id  n o t lead to  a  change o f  the  
ju d g e 's  o p in io n : s
"I have sa id  th a t th is  i s  co n tro l o f  an experim ent. I  d o n 't  
th ink  th a t i t  i s  a s tr a te g ic  d e c is io n , i t  i s  more than th a t. 
I  have presumed th a t the stud en ts are ta lk ing  about the f i s h .  
I  th ink th a t they are analysing using previous inform ation  
th ey  have obtained about the f ish ."  (CD)
"I d o n 't  th ink i t  i s  tr a n s la tio n  in to  wards. They are k i l le d  
by the p o llu t io n . That i s  in te r p r e ta tio n . l e v e l  3."  
(JHC) ~ "
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Figure 3 .2  shows the le v e l  o f  agreement between m y se lf and the judges, 
and between the judges i n i t i a l l y  and follow ing th ese d is c u s s io n s .
Judge 1 Judge 2
RJD
Judge 1
41% (93%) 75% (93%) 
47% (92%)
(Note: fig u res  in 'b ra ck ets  are a f t e r  n eg o tia tio n s)
Figure 3 .2  L evel o f  agreement between judges in  the a n a ly s is
o f  POND-2 p ro to co l sh ee ts
Ihe r e la t io n sh ip  between c o g n it iv e  le v e l  and the le v e l  o f  agreement i s  
shown in  figu re  -3 .3 . In te r e s t in g ly , the le v e l  o f  agreement between 
m yself and the two judges appears to  d e c lin e , perhaps as cane would 
expect, a s  the a c t iv i t i e s  appear to  be o f  a h igh er  c o g n it iv e  l e v e l .
C ognitive le v e l  
assigned to  
student a c t iv i t i e s
1 2 3 4 5 6 7
% agreement w ith judge 1 58 65 38 50 40 57 20
% agreement w ith judge 2
i
100 90 50
1
50 20 29 0
Figure 3 .3  Level o f  agreement between judges (P0NT>-2 p ro to co l
sh eets) 1:/)
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A n eg a tiv e  c o rre la tio n  o f  -0 .8 0  was obtained between the c o g n it iv e  
l e v e l  and the percentage agreement obtained w ith the two judges (99.9% 
le v e l  o f  s ig n if ic a n c e ) . T his, togeth er  w ith the rather poor i n i t i a l  
le v e l  o f  agreement w ith  the judges convinced me i t  was n ecessary  t o  
provide a second s e t  o f  p ro toco l sh eets  to  the judges to  be an alysed . 
Ihe experience th a t the f i r s t  attem pt provided should prove to  be 
b e n e f ic ia l  to  the judges.
For the second attem pt I  provided a s e t  o f  p ro to co l sh eets  
(appendix 7b) o f  a p a ir  o f  stud en ts using a program, PREY, o f  
predator-prey re la t io n sh ip s  togeth er  w ith s im ila r  a d d itio n a l 
inform ation th a t I  had provided for the f i r s t  attem pt. This attem pt 
proved to  be much more su c ce ss fu l in  th a t a h igh er  le v e l  o f  agreement 
was obtained n o t on ly  between m y se lf and the judges, but a ls o  between 
the two judges as seen in  figu re  3 . 4 .
Judge 1 Judge 2
RJD
Judge 1
70% 68%
65%
Figure 3 .4  L evel o f  agreement between judges cn PREY p ro to co l
sh eets
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Ihe le v e l  o f  agreement a t  each o f  the c o g n itiv e  le v e ls  a t  t h is  second 
attem pt now appears n ot be s ig n if ic a n t ly  correla ted  to  the le v e l  o f  the  
a c t iv i t y  a s  shown in  figu re  3 .5  where a co rre la tio n  c o e f f ic ie n t  o f  
-0 .4 3 4  was obta ined .
C ognitive le v e l  
assigned to  
student a c t i v i t i e s
1 2 3 4 5 6
% agreement w ith  judge 1 90 73 10 0 60 67
% agreement w ith  judge 2 80 80 30 25 0 50
Figure 3 .5  Level o f  agreement between judges analysing PREY
p rotoco l sh eets
I t  thus appears th a t the experience th a t the judges obtained during 
th e ir  f i r s t  attem pt a t  a ssign in g  c o g n it iv e  le v e l s  to  the stud en t 
a c t iv i t i e s  on the p ro to co l sh eets  had proved b e n e f ic ia l  in  two ways.
(a) The l e v e l  o f  agreement between m y se lf, and
(b) The two judges was now a t  a s a t is fa c to r y  le v e l  o f  approxim ately  
70%, and the tendency for  those a c t i v i t i e s  o f  "higher c o g n it iv e  lev e l"  
to  prove more d i f f i c u l t  to  be assign ed  to  a non-disputed le v e l  was 
reduced in  i t s  frequency. I thus f e l t  th a t the way in  which I had 
used the taxcncmy o f  co g n itiv e  le v e l s  to  analyse the p ro to co l sh eets  to  
be v a lid , and l ia b le  to  l i t t l e  d isp u te  frcm a person w ith  eq u iv a len t  
experience o f  using i t .
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3 .2 .2 .3  A n a lysis  o f  Student A c t iv i t ie s  in  T u tor ia ls
The tra n scr ip tio n s  o f  th e  tu to r ia l were analysed in  a  s im ila r  way to  
the p ro toco l sh e e ts  for the CAL grou p s. Ihe answers to  q u estion s  
posed by the le c tu r e r  and oth er carmen t s  made by the studen ts were 
numbered and assign ed  a c o g n itiv e  l e v e l  according to  my taxcnany. Ihe  
way in  which the a c t iv i t i e s  o f  the stu d en ts varied  during the use o f  
the CAL program and the tu to r ia l  i s  shown in  fig u res  3 .6  and 3 .7  for  
the TEC Diploma and C e r t if ic a te  groups r e sp e c t iv e ly .
3 .2 .3  R esu lts
An "ideal" program run o f  EVOID, I b e lie v e , should be concerned w ith  
observing moth pop ulations in  the four d if fe r e n t  environm ental areas  
(see  sec tio n  2 .4 .3 ) ,  as w e ll as w ith  observing the e f f e c t  o f  d i f f e r e n t  
mutation r a te s  cn the developing pop ulations o f  moths in  an 
environment. Ih e  minimum required o f  the stu d en ts, th ere fo re , i s  the  
observation  o f  s ix  s im u la tio n s .
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Each sim ulation  should in v o lv e  four main studen t a c t iv i t i e s
1) Choosing a m utation ra te  for the ev o lu tio n  o f  dark moths frcm
lig h t ,  or v ic e  v e r sa . I  have regarded th is  to  be a l e v e l  5 
a c t iv i t y  ( th a t  i s ,  recogn ises the operation o f  same p r in c ip le  in  a 
g iv en  s i t u a t io n ) .
2) Choosing* the numbers o f  l ig h t  and dark moths in  a p a r tic u la r  area:
( rural or urban, fo r  exam ple). Ihe ch oice o f  the frequency o f  
th ese  two forms o f  moth i s  regarded as being a le v e l  7 a c t iv i t y  
(ab le  to  id e n t ify  hypotheses, assum ptions, c o n tro ls  o f  a g iv en  
experiment) s in c e  to  determ ine the proportion o f  l ig h t  and dark  
moths in  a population  needs the student to  r e a l i s e  and understand 
the e f f e c t  the environment has cn a  moth p op ulation .
3) Choosing the year during vh ich  the environment w i l l  change.
F ir s t  o f  a l l  the stu d en t has to  d ecid e  vhether the environment 
w i l l  change, and i f  so , when. In the package n o tes various  
models are su ggested , for  example, areas th a t are "newly
in d u str ia lised "  and "becoming sm okeless "implying th a t the changes
occur r e la t iv e ly  la t e  in  the th ir ty  year period  th a t stud en ts  
study. These d e c is io n s  are taken to  be le v e l  3 co g n itiv e  
a c t iv i t i e s  ( in te r p r e ta tio n  in  th a t data i s  explained to  show cause  
and e f f e c t ) .
4) Choosing vhich form o f  moth, l ig h t  or dark, the environment w i l l
favour i f ,  or  vhen, i t  changes. This I  have taken to  be a le v e l
6 a c t iv i t y  (p red ic ts  the e f f e c t  o f  a change o f  fee  to r  cn a  
s i t u a t io n ) . I t  req u ires an understanding o f  the r e la t io n sh ip  
between camouflage o f  the moths and predation  o f  the moths by 
birds to  make a p r e d ic tio n .
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Thus the b a sic  repeating p a ttern  o f  a c t iv i t i e s ,  for  an id e a l run, would 
c o n s is t  o f  a le v e l  5 a c t iv i t y  followed t y  a le v e l  7 , a l e v e l  3 and 
f in a l ly  t y  a le v e l  6 a c t iv i t y .
F igures 3 .6  and 3 .7  show the range and proportion o f  a c t i v i t i e s ,  a t  
each o f  the c o g n itiv e  l e v e l s , - o f  two p a ir  o f  ;students using the program - 
EVOIXJ.
In the studen ts' run the "ideal" p attern  o f  c o g n it iv e  a c t i v i t i e s  was 
follow ed for a con sid erab le  p a r t. However, seme o f  the. a c t i v i t i e s  
wore o f  lower co g n itiv e  a c t iv i t y  than for the id e a l run because teacher  
h elp  was provided a t  th ese  tim es to  overcane sane o f  the stud en ts' 
d i f f i c u l t i e s .  Ihe a c t iv i t y ,  fo r  example, could be ,o n e  o f  
in terp re ta tio n  ( o f  the h e lp  provided) rather than p r e d ic t io n . 
A dditional a c t iv i t i e s  are a ls o  demonstrated. For example, where 
comments are made concerning th e ir  understanding o f  what has happened 
in  the sim ulation  or in  the form o f  a p red ic tio n  as to  vh at might 
happen a f t e r  they have in p u t c e r ta in  parameter v a lu es:
" Environment w i l l  change because o f  in d u s tr ia l
develop m en t." (level 3 a c t iv i t y  -  TEC Diploma g ro u p ).
"Birds w i l l  ev en tu a lly  g e t  the dark moths when there i s  a  
change in  the environment." ( le v e l  3 a c t iv i t y  -  TEC Diploma 
group).
Ihe main o b jec tiv e  for  the tu to r ia l  was to  provide the stu d en ts w ith  an 
understanding o f  evo lu tion ary  p rocesses as i l lu s t r a t e d  t y  in d u s tr ia l  
melanism o f  peppered m oths. Ihe students had n o t p rev io u sly  
encountered th is  concept o f  in d u s tr ia l melanism in  th e ir  p resen t  
cou rses . Consequently i t  was necessary  during the t u to r ia l  to  provide  
the stud en ts w ith  the n ecessary  fa c ts  about th is  to p ic . However, the
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students were involved  w ith  the tu to r ia l in  th a t ; they were asxea  
questions which they (th e  group) had to  answer. These qu estion s were 
normally answered as b r ie f ly  as p o ss ib le  t y  the s tu d en ts. Ihe  
students d id  n o t norm ally en ter  in to  or in i t i a t e  d isc u ss io n s  concerning 
any to p ic  which m ight have been o f  in te r e s t  to  them. To seme ex ten t  
th is  reluctancfe to  p a r tic ip a te  surprised  me. As groups, and u su a lly  as  
in d iv id u a ls , they were n ot prone to  r e s t r ic t  what they sa id  in  the 
classroom  t y  fe e lin g s  o f  embarrassment. I a ls o  f e l t  th a t they  
normally had a reasonably good raport w ith the le c tu r e r  in  charge o f  
the t u to r ia l .
Seme in d ic a tio n  as to  th is  relu ctan ce  to  p a r tic ip a te  i s  g iv en  t y  Perry 
(1970). Most teachers see  the tu to r ia l as a means for  stud en ts to  
develop i n i t i a t i v e  and scope in  th e ir  th in k in g . However, as soon as a 
student makes a m istake or i s  n o t as exact as the tu to r  w ish es, the 
tu tor f e e ls  compelled to  c o rr e c t the statem ent made t y  the stu d en t. 
According to  Perry, i t  on ly  req u ires three to  f iv e  o f  th ese  co rrectio n s  
to  d e fe a t  the " stu d en t's i n i t i a t i v e  for search and the flow  o f  th e ir  
exp loration " . The teacher, because o f  the stu d en ts' relu ctan ce to  
p a r tic ip a te  "fin d s h im se lf  in  a monologue". T his co rrectio n  o f  the  
students' m istakes and in ex a c titu d es  c e r ta in ly  occurred q u ite  
frequently  in  the tu to r ia l  observed during these p i l o t  s tu d ie s .
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As a r e s u lt  o f  t h is  apparent relu ctan ce to  p a r t ic ip a te , m ost u i  uic 
stud en ts' a c t i v i t i e s  during the tu to r ia l appeared to  be o f  a lew  
c o g n itiv e  l e v e l ,  u su a lly  m erely providing an in d ic a tio n  th a t they had 
acquired c er ta in  fa c tu a l knowledge. How im portant a  fee  to r  the 
tea ch er 's  co rrectio n s  were in  reducing the amount th a t the students  
talked  and shoved r e la t iv e ly  h igh  c o g n itiv e  a c t i v i t i e s  i s  a m atter for  
sp ecu la tio n . At the time I was n o t in ter e sted  why the students  
demonstrated r e la t iv e ly  lower c o g n it iv e  a c t iv i t i e s  than the students  
who had used EVOIIJ. I  was m erely in ter e sted  in  d e te c tin g  a 
d if fe r e n c e . Of the two groups, the TEC C e r t if ic a te  stu d en ts  were more 
w illin g  to  p a r tic ip a te  in  the t u to r ia l .
This w illin g n e ss  on the p a rt o f  the TEC C e r t if ic a te  stu d en ts to  
p a r t ic ip a te  in  the tu to r ia l  i s  exem plified  t y  the f e e t  th a t they  
questioned the le c tu r e r  during the tu to r ia l , vh ich  th e TEC Diploma 
group d id  n o t do a t  a l l  during th e ir  tu to r ia l .  I h is  would account for  
seme o f  the a c t i v i t i e s  being o f  a h igh er c o g n it iv e  l e v e l  for  the  
C e r t if ic a te  group. . K -
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Figure 3 .8 The range o f  c o g n itiv e  l e v e l  o f  stud en t a c t i v i t i e s  
in  tu to r ia ls  and using EVQIU
Figure 3 .8  shows th a t, o v e r a ll ,  EVOHJ had encouraged a more even spread 
o f  c o g n it iv e  a c t i v i t i e s  than had the tu to r ia l .  The m ajority  o f  the  
a c t i v i t i e s  o f  studen ts using EVOHJ were grouped around le v e ls  3 to  7, 
whereas for  stu d en ts p a r tic ip a tin g  in  the tu to r ia l ,  the m ajority  o f  the  
a c t i v i t i e s  were grouped in  le v e ls  1 to  3 .
By choosing a tu to r ia l  as a learning s itu a t io n  as a  comparison for  the 
e ffe c t iv e n e s s ,  o f  a GAL program I  had hoped th a t the students WDuld be 
more a c t iv e  than perhaps they Vvould be, say , in  a le c tu r e  or watching a 
film . I  had hoped th a t the tu to r ia l would make l e s s  use o f  a d id a c t ic  
approach. The h igh er c o g n itiv e  le v e l s  th a t the stud en ts using CAL
doiim strated,.'"were a c t i v i t i e s  such 'as' experim entation, and r e a so n in g ... 
These a c t i v i t i e s  m ight have resu lted  in  the stu d en ts becoming more 
in ter e sted  in  the to p ic  th a t they were involved  w ith , and thus more 
m otivated to  learn  about the to p ic .
So th a t the e f f e c t  o f  CAL on the re ten tio n  and understanding o f  the  
body o f  knowledge presented by EVOHJ could be compared w ith  the  
e ffe c t iv e n e s s  o f  the tu to r ia l ,  a l l  o f  the stu d en ts p a r tic ip a tin g  in  
these p i l o t  s tu d ie s  were g iven  a short-answ er achievem ent t e s t  
(appendix 6) concerned w ith e v o lu tio n , in  p a r t ic u la r , in d u s tr ia l  
melanism. In th is  t e s t ,  q u estion s 1 to  5 were a sse ss in g  th e ir
knowledge o f  the su b jec t, qu estions 6 to  9 th e ir  comprehension o f  the  
su b jec t. F igure 3 .9  shows the r e s u lt s  obtained in  th is  t e s t  t y  both
groups o f  stu d en ts attending both o f  the cou rses.
4
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(se c t io n  3 .2 .3 )
Knowledge 
q u estion s  
(5 marks)
Comprehension 
q u estion s  
(5 marks)
T otal
marks
(10)
TEC Diploma
(CAL group)
NK 4 .0 3 .5 7 .5
SM 5 .0 4 .5 9 .5
KP 5 .0 4 .0 9 .0
CW 4 .5 3 .5 8 .0
(T utorial group)
KF 5 .0 4 .0 9 .0
SL 4 .0 4 .5 8 .5
AM 4 .0 3 .5 7 .5
NM 4 .0 4 .5 8 .5
TEC C e r t if ic a te
(CAL group)
PS 5 .0 4 .0 9 .0
KG 3 .5 4 .5 8 .0
RP 5 .0 5 .0 10 .0
(T utorial group)
KB 3 .0 4 .0 7 .0
TT 3 .5 3 .5 7 .0
SS 2 .5 3 .5 6 .0
SW 4 .0 4 .0 8 .0
Figure 3 .9  R esu lts  o f  In d u str ia l Melanism T est
The marks o f  the GAL and tu to r ia l  groups in  both co u rses , sep a ra te ly  
and combined, were compared using the Student's t - t e s t ,  th e r e s u lt s  o f  
which are shown in  fig u re  3 .1 0 .
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(s e c t io n  3 .2 .3 )
t-v a lu e le v e l  o f
s ig n ifica n ce
TEC Diploma comparison o f  CAL and T u toria ls
Knowledge qu 's 1.083 N .S.
Comprehension qu 's 0 .739 N .S.
A l l  q u estion s 0.225 N .S.
TEC C e r t if ic a te  comparison o f  CAL and T u toria ls
Knowledge q u 's 2 .206 90%
Comprehension qu 's 2.535 95%
A ll  q u estion s 2.927 >95%
TEC Diploma + C e r t if ic a te
comparison o f  CAL and T u to r ia ls
Knowledge qu 's 2 .295 >95%
Comprehension qu 's 0 .815 N.S.
A ll  q u estion s 2.073 >90%
(Note: N .S. = "Not s ig n if ic a n t  a t  90% lev e l" )
Figure 3 .10  Student*s t -a n a ly s is  Of Assessm ents
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There i s  sane in d ica tio n  from th ese  r e s u lt s  th a t CAL has enabled the  
stu d en ts to  perform b e tte r  than they would otherw ise have dene i f  the 
same m ateria l had been presented in  the form o f  a tu to r ia l .  This 
apparent education al g a in  o f  using a CAL system in stead  o f  a more 
tr a d it io n a l teaching or learn ing method has been reported elsew here  
(Ayscough [1973], Harding [1 9 7 6 ], and the Open U n iv ersity  t y  Ays cough 
[1 9 8 0 ]) .
Why should th is  be? I t  could be th a t being a c t iv e  and being involved  
in  finding ou t "what happens w h e n ...."  might have resu lted  in  the ..... 
studen ts becoming * more in te r e s te d  in' the t o p ic ; and thus became more 
m otivated to  le a m  (C rovello  [1 9 7 4 ]) . There i s  seme evidence in  my 
r e s u lt s  to  support th is  h y p o th e s is . In th e ir  r e p lie s  supplied  on the 
q u estio n n a ires:
i .  n o t one member o f  both CAL groups sa id  th at they had riot enjoyed  
the experience, whereas seme members o f  the tu to r ia l  groups tended 
had n ot enjoyed th e ir  tu to r ia l  as seen in  fig u re  3 .1 1 . The 
qu estion  "had you enjoyed the learn ing experience" was asked, and 
r e p lie s  ware g iven  according to  a f iv e -p o in t  s c a le ,  the p o le s  o f  
which were "very much" (1) and "not a t  a ll"  ( 5 ) .
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Figure 3.11 A ttitu d e  o f  Students to  CAL and to  T u to r ia ls
i i .  Every member o f  both CAL groups b e lieved  th a t " th is  mode o f  
learning vas b e tte r  than a normal laboratory  p r a c t ic a l  or  
tu to r ia l" . Cernments such as  those g iv en  below vere made t y  the  
studen ts on th e ir  q u estion n a ires:
"More in te r e s t in g . You f e e l  resp on sib le  and f e e l  as though 
you are c o n tro llin g  the program." (SM)
" It added a new dimension to  la b . work, i e .  you could co n tro l 
how the experim ent worked." (KP)
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"You vare ab le  to  understand m utation far more e a s i ly  than i f  
i t  was ju s t  taught to  you." (KP)
On the o th er hand, f iv e  o f  the e ig h t  students who p a r tic ip a ted  in  the 
tu to r ia l  b e liev ed  th a t the tu to r ia l  could have been improved in  sane 
way:
"Could have shown more diagrams and g iv en  us more examples."
(AM)
"More use o f  Audio-V isual A ids." (1W)
"Do seme p r a c t ic a ls  and f ie ld  work." (KB)
However, s in ce  th ese have been the on ly  r e s u lt s  th a t I  have obtained  
which make a d ir e c t  comparison o f  the e f fe c t iv e n e s s  o f  CAL and 
a lte r n a tiv e  methods o f  stu d en t learn in g , I  f e e l  th a t I  should n o t
•i .jf
attem pt to  draw too  many con clu sion s from the d a ta .
It does seem, however, that the use of a CAL program can result in a 
different range of cognitive activities being demonstrated by the 
students than would have been demonstrated in alternative milieu. 
Ayscough (1976b) b e lie v e s  th a t CAL can be used, as an a lte r n a t iv e  to  
laboratory experim ental work, to  develop  the h igh er  c o g n it iv e  s k i l l s  of 
decision-m aking and prob lem -so lv ing . The r e s u lt s  of th ese  p i l o t  
s tu d ies  a ls o  in d ic a te  a h igh er  le v e l  of c o g n itiv e  a c t iv i t y  than occurs 
w ith a lte r n a t iv e  methods of teach ing/ lea rn in g .
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The qu estion  could be asked whether CAL programs gen erate a s im ila r  
range o f  o f  h igh  le v e l  c o g n it iv e  a c t iv i t i e s .  Kemmis (1977a) has 
provided q u a lita t iv e  evidence concerning the d if fe r e n c e  in  pedagogic 
p o te n tia l o f  CAL programs.
The n ex t se c t io n  o f  th is  chapter d escr ib es  a comparative a n a ly s is  o f  
the c o g n itiv e  a c t iv i t i e s  generated  by a range o f  d i f f e r e n t  b io lo g y  CAL 
s im u la tion s. Here I  wanted to  see  vhether one can exp ect d if fe r e n t  
programs to  have d if f e r e n t  c o g n it iv e  p o te n t ia ls .
3 .3  A Comparison o f  the Learning A c t iv i t ie s  generated
by d if f e r e n t  CAL Programs
3 .3 .1  The CAL Programs
A number o f  d if f e r e n t  types o f  program were used fo r  the comparison o f  
pedagogic p o te n t ia l o f  the d if f e r e n t  CAL programs. These programs are  
l i s t e d  below, togeth er w ith  a b r ie f  d escr ip tio n  o f  the nature o f  the  
program.
i .  POND-2. This program w i l l  be described  in  4 .2 .1  in  seme
d e t a i l  a s  i t  forms the b a s is  for the POND s e r ie s  o f  programs
used in  the main s tu d ie s .
i i .  PREY. T his, l ik e  POND-2 i s  a Schools C ouncil "Computers in
the Curriculum" program. The author o f  the package n o tes  
d escr ib es  (Denham [1978]) the aim o f  th is  program as being
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"to in v e s t ig a te  a sim ple model o f  the in te r a c tio n  between one 
predator and one prey s p e c ie s .  No p a r tic u la r  sp e c ie s  are  
b ien  m o d e lle d .. . ." . The students are in stru c ted  to  
in v e s t ig a te  the e f f e c t s  o f  d if fe r e n t  i n i t i a l  numbers o f  
predators and prey on the subsequent population  s i z e s .
i i i .  GROWTH CURVE. This i s  a program th a t I  wrote to  enable
stu d en ts to  become more fam iliar  w ith  the e f f e c t  o f  the
gen era tio n  time on the growth rate  o f  a bacterium / and the
e f f e c t  o f  inoculum s iz e  on the growth curves subsequently  
produced. The output o f  data  by the program can e ith e r  be 
in  g ra p h ica l or tabular form ats.
i v .  GROWTH CURVE 2 . This i s  the second o f  a s e r ie s  o f  programs 
th a t I  have w ritten  concerned w ith growth k in e t ic s . I t  
a llow s the stud en ts to  determ ine and observe the e f f e c t  o f  
varying parameter va lu es  on the growth o f  the organism s. 
The output from th is  program can e ith e r  be as a graph showing 
the growth curve obtained, or  as a ta b le  showing the numbers 
o f  the c e l l s  a t  time in te r v a ls  sp e c if ie d  by th e stud en t  
fo llow in g  the in o cu la tio n  o f  a batch c u ltu re  o f  b a c te r ia l  
c e l l s .
v .  GROWTH CURVE 3 . T his, the th ird  o f  my s e r ie s  o f  GROWTH 
programs, enables studen ts to  determine the e f f e c t  ( th a t  i s  
the minimum, optimum and maximum v a lu es) o f  a range o f  
parameters on the growth o f  a range o f  m icro-organism s. S ix  
organisms are a v a ila b le  in  the s im ulation , a l l  o f  vh ich  have 
d if f e r e n t  growth requirem ents. In a d d itio n  to  observing the  
e f f e c t  o f  various parameters on growth, the program req u ires  
the stud ents to  develop  m ethods-of experim en tation . W ithout 
adequate methods o f  experim entation being developed to  m eet
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the ch allen ge o f  a sim u lation  model th a t requ ires a l l  the 
parameters to  f e l l  w ith in  th e " b io k in e tic  zone" for the 
chosen micro-organism, no growth, and thus no data , w i l l  be 
obtained.
v i .  COEXIST. This program was developed a t  Chelsea C. e and 
i s  published by Edward Arnold (Murphy [1 9 7 5 ]) . In th is  
program the stu d en ts can, according to  the author o f  the 
package notes (Murphy [1 9 7 5 ]) , "carry o u t 'experiments* to  
in v e s t ig a te  the e f f e c t  o f  changing c e r ta in  parameters vhich  
have a bearing on the growth r a te s  o f  non-ccmpeting . .  • and 
competing sp e c ie s ."  The output o f  data by the program i s  
only in  grap h ica l format.
3 .3 .2  Methodology
The stud en ts were normally provided w ith  package n o tes  for the program 
th a t they were using to  introduce the m a ter ia l being presented t y  the 
s im u la tion . They used the program working in  groups o f  two. Each 
p a ir  o f  stud ents were observed using the program, th e ir  a c tio n s  and 
comments being w ritten  on the p ro to co l sh e e ts  in  an id e n t ic a l  manner to  
th a t p rev iou sly  performed for  EVOHJ. These p ro to co l sh eets  ware 
analysed using my taxonomy o f  c o g n it iv e  le v e l s  as p rev io u sly  d escrib ed . 
Q uestionnaires ware a ls o  completed and an alysed .
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Table  3 .12  shows the range o f  c o g n it iv e  a c t i v i t i e s  and th e ir  frequency 
encouraged t y  the programs used in  th ese  p i l o t  s tu d ie s .
EVOLU P O N D - 2
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
"70"in
UJ
i-
C O E X I  STP E N D U L U  M
30
UJo
1 2 3  2 . 5 6 7 8 9  10 11 12 1 2 3 ^  5 6 7 8 9  10 1 1 1 2
%
50
PREYGROWTH C U R V E
i-
3 0 '
2 0 '
1 0 -
30
20
10
in
1 2 3 4 5 6 7 8 9 10 11 12
in
E *
£ 50 
§ to 1
v —  30
§ 20 H 
■=>
y - 10 
in
GR OWTH  C U R VE  2 °/o 
50
40
30'
20 '
1 0 -
“ T
GROWTH CURVE 3
- i  1--------- 1------- i---------1--------«-------- 1--------r -
1 2 3 4 5 6 7 8 9  10 11 12 1 2 3 4 5 6  7 8 9  10 11 12
C O G N I T I V E  LEVEL C O G N I T I V E  L E V E L
Figure 3.12 The range and proportion o f  c o g n it iv e  a c t i v i t i e s  a t  
each c o g n it iv e  l e v e l
-  125 -
A F  e  HL
to Vo
UJ
H 60
— 50h-O / n
60 •
50 *
3 0 -
to
12 1 2 3 A 5 6 7 6  9 10 11 12
C O G N I T I V E  LEVEL
Figure 3 .13a Growth Curve 2 -  Canpariscn o f  A c t iv i t ie s  o f  two
p a irs  o f  students
KB &. PG NM & S Lt o
P  50 - o
<  L0 -
20  ■
1 2 3 £ 5 6 7 8 9 10 11 121 2 3 4 5 6 7 8  9 10  11 12
C O G N I T I V E  L EV EL C O G N I T I V E  L E V E L
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-  126 -
Jblgures j . u a  ana j .±*±d snuw nuw uic u s e  k j i .  u i c  oaiuc ~ j
d if f e r e n t  p a ir s  o f  students w i l l  u su a lly  r e s u lt  in  a d if f e r e n t  range 
and proportion o f  c o g n itiv e  a c t i v i t i e s  being dem onstrated.
3 .3 .4  Conclusions
When in d iv id u a l p a ir s  o f  students using CAL programs are compared, i t  
i s  perhaps n o t surprisin g  to  find  th a t:
there appears to he a difference in the way that they use the programs 
and the cognitive activities that they demonstrate. Some students 
appear to use a program in a rather superficial way; other students 
appear to use the programs in a more thoughtful and reasoned manner. 
This d if fe r e n c e  in  learning behaviour m ight be s im ila r  to  the 
d iffe r e n c e s  in  learning approach described  by Marton (1976). This 
d iffe r e n c e  in  approach to  using CAL programs i s  in v e s t ig a te d  further in  
chapter 10.
The con sid erab le  d iffe re n c e s  in  co g n itiv e  a c t i v i t i e s  may merely 
rep resen t d if fe r e n c e s  in  stud en t behaviour, t u t  may a ls o ,  o f  course, 
rep resen t the e f f e c t  th a t CAL programs may e x e r t  on stu d en t behaviour. 
I f  the histogram s in  Figure 3 .13a  and 3 .13b  are compared, i t  can be 
seen th a t although p a ir s  o f  stu d en ts using the id e n t ic a l  program 
demonstrate d if fe r e n c e s  in  le v e l  o f  c o g n it iv e  a c t iv i t y ,  
there are also marked differences in the proportion of activities at 
each of the cognitive levels for the different programs.
I t  would thus seem th a t th is  method o f  a n a ly s is  th a t I  have used in  
th ese  p i l o t  s tu d ies  has d etected  an e f f e c t  th a t the s tru c tu re  o f  a CAL
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program can e x e r t on student c o g n itiv e  a c t i v i t i e s .
3 .4  A Cartpariscn o f  a CAL program and a Laboratory E xercise
3 .4 .1  Introduction
The TEC Diploma students th a t p a r tic ip a ted  in  the e a r lie r  p a r t o f  these  
p i l o t  s tu d ie s  had to  study the b a s ic  p r in c ip le s  o f  experim ental design  
as p a rt o f  th e ir  course. As an in trod u ction  the students were asked 
to  d esign  the necessary  equipment and perform an experim ent th a t would 
determine the e f f e c t  o f  the len gth  o f  a pendulum and the w eigh t o f  a 
pendulum bob on the period o f  the pendulum.
3 .4 .2  Methodology
The students were provided w ith a sh o rt len gth  and a long len gth  o f  
s tr in g , a p la s t ic  bag, a beaker o f  sand, a clamp and a stan d . They 
were informed th a t they could ask  fo r  any more equipment th a t they  
thought they required . The stu d en ts worked s in g ly , but con versation s  
between the stu d en ts and w ith the teacher were a llow ed. Two stud en ts  
were observed c lo s e ly  during the p r a c t ic a l  e x e r c ise , the ob servation s  
made o f  th ese  stu d en ts were recorded cn p ro to co l sh eets  a s  p rev io u sly  
d escr ib ed . A l l  stu d en ts, a t  the f in is h  o f  the le sso n , completed a 
feedback q u estion n a ire  (appendix 5 ) .
Pour weeks a f t e r  the laboratory e x e r c is e , two o f  the TEC Diploma 
studen ts used a sim ulation , PENDULUM, to  determ ine the e f f e c t  th a t the
-  128 -
(sec tio n  3 .4 .2 )
len gth  o f  the pendulum and the bob w eight have on the period o f  a 
pendulum. The stu d en ts used the sim ulation  program togeth er . 
P rotoco l sh eets  o f  th e ir  use o f  the program and feedback qu estionnaires  
were ccnpleted  as in  the previous e x e r c ise s .
One student was in terview ed about th e ir  experience o f  the laboratory  
e x er c ise ;  the p a ir  o f  stu d en ts using PENDULUM were a ls o  interview ed  
about th e ir  experience o f  the program and how i t  compared w ith the  
laboratory e x e r c ise . These in terv iew s were tape-recorded and 
transcribed verbatim .
The three s e t s  o f  p ro to co l sh ee ts  were analysed as in  the previous  
e x e r c ise s  according to  my tax enemy o f  c o g n itiv e  a c t i v i t i e s .
3 .4 .3  R esults
3 .4 .3 .1  Design o f  Pendulum Apparatus 
and Performance o f  Experiments
The follow ing are my account, in  b r ie f ,  o f  the laboratory  work o f  th ose  
studen ts th a t I  had observed.
3 .4 .3 .1 .1  S tew art's Experiment
Stewart (SM), a f te r  r e c a llin g  what a pendulum looked l ik e ,  assembled  
one using the apparatus a v a ila b le  to  him. Same thought as to  how to  
d isco v er  the r e la t io n sh ip  between ( i )  pendulum length  and the  
pendulum's period , and ( i i )  the bob w eight and the pendulum's p eriod , 
must have occurred because he prepared a ta b le  in  which he could w r ite
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any r e s u lt s  th a t he obtained . I n i t i a l l y ,  the pendulum swung in  a l l  
d ir e c t io n s  because o f  an uneven d is tr ib u t io n  o f  sand in  the p la s t ic  
bag. He remedied th is  t y  fo ld ing  the p la s t ic  bag to  form a sm all, 
compact bob. The n ext problem was how to  determ ine ex a c tly  one 
o s c i l la t io n  o f  the pendulum and thus i t s  p er iod . He solved  th is  t y  
p lacin g  a fo ld er  a t  the ex trem itie s  o f  the swing o f  h i s  pendulum. 
Other s im ila r  problems in  the d esign  o f  h i s  pendulum were encountered  
and overcome.
On proceeding to  the experim ental p a rt o f  the e x e r c ise , i t  appeared 
th a t Stewart was uncertain  as to  the d e t a i l s  o f  the experim ent he  
should perform. The f i r s t  in d ic a tio n  I  had o f  th is  was when he  
recorded h is  r e s u lt s  in  a notebook rather than in  h i s  p rev io u sly  
prepared ta b le . In h is  feedback "questionnaire, he sa id  the se s s io n  
could have been improved:
" If  you made i t  more c le a r  vhat we were meant to  be doing."
The u n certa in ty  o f  vhat was required had resu lted  in  a change o f  h i s  
experim ental aim s. In the in terv iew  fo llow ing the e x e r c is e , i t  
transpired th a t i n i t i a l l y  he was going to  keep the length  o f  the s tr in g  
ccnstant> but then he decided to  keep the w eight o f  the bob con stan t  
because:
"The time i t  would take to  woigh ou t d if f e r e n t  amounts o f  sand, 
u n less  you had d if fe r e n t  amounts o f  sand in , which you could j u s t  
change, you wouldn* t  have time to  g e t  a l i s t  o f  r e s u lt s  in  the  
time a v a ila b le ."
-  130 -
(se c tio n  3 .4 .3 .1 .1 )
During h i s  experim ents Stew art became aware th a t the r e su lts  th a t he  
was obtain ing were l ia b le  to  erro r . A fter  sane thought and then 
d isc u ss io n  w ith  a co llea g u e  working on the same bench, he r e a lise d  th a t  
he should time more than cne o s c i l la t io n  to  obtain  a more accurate  
va lu e o f  the period o f  one o s c i l la t io n .  Having apparently new 
designed the experiment to  h i s  s a t is fa c t io n , he new obtained readings 
for  f iv e  d if fe r e n t  pendulum len g th s.
Figure 3 .14  shows the range and proportion o f  S tew art's a c t i v i t i e s  a t  
each o f  the le v e ls  in  my taxonomy.
3 .4 .3 .1 .2  Nariman's Experiment
Nariman (NM) tr ied  i n i t i a l l y  to  im ita te  an experim ent she had 
p rev io u sly  seen performed. On th a t previous occasion  the pendulum bob 
had been a b a ll-b earin g  w ith  i t s  cen tre  o f  g r a v ity , o f  course, in  the  
cen tre  o f  th e sphere. Working w ith  a p la s t i c  bag f i l l e d  w ith  sand 
proved to  be a d i f f i c u l t  transform ation o f  experiences for h e r . She 
could n o t see  how to  fin d  the cen tre  o f  g r a v ity  o f  h er  bob. This 
disturbed  h er . She looked a t  Stewart (SM) fo ld  h is  bag, and she  
folded h er  bag in  the same way. However, n o t being a b le  to  copy 
e x a c t ly  what she had seen on the previous occasion  a ffe c te d  h er  
performance throughout the r e s t  o f  the e x e r c is e . I t  was on ly  t y  
looking a t  Stewart fo ld ing  h is  bag, and then copying him th a t she was 
a b le  to  s e t  up her pendulum. With th is  problem apparently reso lv ed ,
h er  progress in  obtain ing r e s u lt s  was reasonably good in  comparison 
w ith  the r e s t  o f  the c la s s .  However, she d id  encounter cne o th er  
problen which she could n o t reso lv e  t y  h e r s e l f  and she had to  be helped
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t y  the teacher. I t  would seen , th erefo re , th a t Nariman was not  
capable o f  so lv in g  problans in  such a s itu a t io n  as  e a s i ly  as one would 
exp ect and wish o f  th is  type o f  stu d en t.
Nariman's range and proportion o f  co g n itiv e  a c t i v i t i e s  a t  each le v e l  in  
my taxonomy are shewn in  Figure 3 .1 5 .
3 .4 .3 .1 .3  Carments on the Pendulum Experiment
I t  would have been o f  some advantage to  me to  have the students working 
in  groups o f  two to  a llo w  a conversation  to  take p la ce  more fr e e ly  and 
thus a llow  a g rea ter  in s ig h t  in to  the learn ing and problem -solving  
p ro cesses  taking p la ce  during th is  laboratory e x e r c is e . Even w ith  
t h is  disadvantage i t  was p o s s ib le , from th e ir  a c tio n s  and from th e ir  
sh o r t conversation s, to  see  sane o f  the p ro cesses  th a t were taking  
p la c e .
From Figures 3 .1 4  and 3 .15  i t  can be seen  th a t the main c o g n itiv e  
a c t i v i t i e s  taking p la ce  were those o f  problem -solving and 
experim entation. Sane stud ents appear, n o t unnaturally , to  be b e tte r  
a t  one or  another o f  th ese  a c t i v i t i e s .  Nariman, for  example, d id  n ot  
appear to  be a very  capable problem -solver.
(sec tio n  3 . 4 . 3 . 2 )
3 . 4 . 3 . 2  Use o f  PENDUHJM
Having p rev iou sly  performed the pendulum laboratory e x er c ise  would have 
helped C l i f f  (CW) and N ilesh  (NK) use th is  computer sim ulation  o f  a 
pendulum. This was obvious from the f i r s t  carments th a t they made:
"I think ve w i l l  vary len gth , w eight d o e sn 't  vary i t  much."
Their d e c is io n s  concerning the d esign  o f  the experiment were made based 
upon th e ir  experience w ith  th is  laboratory experim ent. Even when 
reading th e ir  r e s u lt s  they r e a lise d  th e ir  approximate accuracy. As 
they progressed , they repeated seme o f  th e ir  e a r l ie r  runs because:
" It was the f i r s t  one va did so  we may have g o t  more 
accurate."
Figure 3 .16  shows th e ir  range and proportion o f  a c t i v i t i e s  a t  each  
le v e l  o f  my taxonomy.
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3 .4 .4  Garments on the Comparison o f  a Sim ulation  
and a Laboratory E xercise
VJhen asked. C l i f f  and N ile sh  thought th a t they had g o t  more from using
the program PENDULUM than from using the apparatus th a t they had
d esigned , they rep lied :
" I t 's  a l o t  qu icker. I d o n 't  th ink you g e t  any more. I g o t  
s im ila r  r e s u lt s  from doing i t  on the bench."
And then:
"You could learn  more th ings because you have more time to  
p la y  w ith  the program."
"The program does rep lace  the experiment q u ite  n ic e ly ,  but you 
d o n 't  learn  experim ental techniques. The advantage seems to  
be th a t you can do a l o t  more w ith  i t  in  a l o t  sh orter  tim e.
I f  you are doing the experim ent p h y s ic a lly  you are lucky to  
g e t  ten r e s u lt s  in  an hour because you have g o t  to  keep 
weighing out and se t t in g  up, changing len gth s o f  s tr in g .
The computer does th a t in  seconds. But there again you 
cannot have experim ental error which would change the 
r e s u l t s . . . I f  I vented to  p r a c tic e  experim ental technique I  
would use the experim ent."
These comments t y  the stu d en ts would appear to  summarise many o f  the
d if f e r e n t  r o le s  for  computer Sim ulations and laboratory e x e r c is e s .
That i s ,  computer sim u lation s provide rapid r e s u lt s  and thus can
produce a la rg er  number o f  r e s u lt s  about a w ider v a r ie ty  o f  the asp ects
o f  the sim ulation  m odel. On the o th er hand, the laboratory e x e r c ise
does a llo w  stu d en ts to  p r a c tic e  th e ir  experim ental (th a t  i s  p r a c tic a l)
tech n iq u es.
(se c tio n  3 .5)
3 .5  Im plications for the Main S tudies
These p i l o t  s tu d ies  have sev era l important im p lica tio n s for  the main 
s tu d ie s , the most important o f  which are concerned w ith the a n a ly s is  o f  
the e f f e c t  o f  a CAL program on the various c o g n it iv e  a c t iv i t i e s  o f  the  
stu d en ts using the programs.
In th ese  p i l o t  s tu d ies  I  attempted to  d escr ib e  each o f  the c o g n itiv e  
a c t i v i t i e s  according to  my taxonomy. Each le v e l  o f  the taxonomy 
rep resen ts a d if fe r e n t  a c t iv i t y  such as in te r p r e ta tio n , p red ic tio n , the 
form ulation o f  a h yp oth esis, and so  on. These are very  s im ila r ,  
although c o n stitu tin g  a more d e ta ile d  c la s s i f i c a t io n ,  than those  
co g n it iv e  a c t i v i t i e s  described t y  Kemrnis' typology and L a u r illa rd 's  
"types o f  learn ing" . These m ostly  d escr ib e  the r e s u l t  o f  the 
in flu en ce  th a t the stru ctu re  o f  the CAL program has on student 
a c t i v i t i e s .
At the end o f  the a n a ly s is  l i t t l e  i s  known o f  how the stru ctu re  
a c tu a lly  a f f e c t s  student a c t i v i t i e s .  A comparison o f  programs shows
th a t a d if f e r e n t  range o f  and proportion o f  c o g n it iv e  a c t i v i t i e s  are
\
demonstrated ty  the students using both the same and d if fe r e n t  
programs.
j
This in  i t s e l f  i s  an in d ica tio n  th a t program stru ctu re  does have an 
e f f e c t  on stu d en t a c t iv i t i e s ,  t u t  i t  does n o t show how i t  produces i t s  
e f f e c t .  More needs to  be known o f  the dynamics o f  the Student-CAL 
in te r a c t io n . The comparison o f  a c t i v i t i e s  encouraged t y  the d if f e r e n t  
CAL programs and those generated t y  o th er learn ing m ilieu  show th a t  
there are d if fe r e n c e s  in  the learning approach adopted ty  in d iv id u a ls .
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In ad d ition  to  the e f f e c t  th a t CAL program stru ctu re  has on learn ing, 
fa c to rs  such as the in d iv id u a l's  e x is t in g  body o f  knowledge and th e ir  
in d iv id u a l s t y le  and approach to  lea rn in g , which in flu en ce  learning  
should be recognised in  an a n a ly s is  o f  lea rn in g . By appreciating a l l  
o f  the in ter fe r in g  fee  to r s , the crea tio n  o f  a model o f  computer 
a s s is te d  learn ing which in c lu d es a l l  o f  the im portant fee  tors involved  
w ith the student-CAL in te r a c tio n  should be p o s s ib le . As a r e s u lt  o f  
being a b le  to  a t  l e a s t  p a r t ia l ly  p r e d ic t  the e f f e c t  th a t program 
s tru ctu re  has on learn in g , more e f f e c t iv e  programs in  terms o f  student 
learn ing should be p o s s ib le .
These in ter fe r in g  fee  tors need to  be stu d ied  not on ly  in  the con tex t o f  
CAL, but a ls o  more g en era lly  fo r  a b e tte r  understanding o f  how students  
acquire s c i e n t i f i c  knowledge and s c i e n t i f i c  problem -solving s k i l ls *  
The CAL sc ie n c e  sim ulation program i s  concerned w ith  promoting an 
understanding o f  a p a r ticu la r  "package o f  knowledge", o f  a c er ta in  area  
o f  conceptual r e la t io n sh ip s . How th is  understanding i s  acquired w i l l  
d i f f e r  from person to  person. However, s in c e  the programs being used 
in  th ese  s tu d ie s  are concerned w ith  variou s areas o f  sc ie n c e , in  the 
co n tex t o f  sc ie n c e  " lessons" , then one m ight exp ect th a t problems o f  
understanding might be tack led  t y  the stud en ts using " s c ie n t if ic  
methods".
Chapter 4
The Development o f  the Main Study CAL Programs
4 .1  Introduction
4 .1 .1  The C onstruction o f  Models '
A large  p a rt, i f  n o t a l l ,  o f  s c i e n t i f i c  work c o n s is t s  o f  form alisa tion  
and m odel-build ing. ’ 1 I t  i s  through experim entation and observation  
th a t the s c i e n t i s t  attem pts to  co n stru c t a b stra c t rep resen ta tion s and 
laws th a t form alise " v e r if ied "  hypotheses concerning real-w orld  
phenomena. Such models a llo w  e x tr a p o la tio n , a n a ly s is  and d esig n , i t
a ls o  a llow s a n a ly s is  to  learn  how the r e a l system can be manipulated  
for man's own purposes (S p r ie t and V an steen k iste , 1982).
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Science CAL programs use models in  an attem pt to  encourage stud ents to
acquire and become fam ilia r  w ith  s c ie n t i s t s '  models o f  the rea l-w orld .
Such programs are sa id  to  be sim ulation s o f  the rea l-w orld . A
sim ulation  has been defin ed  a s:
'"Ihe a c t  o f  running a program which rep resen ts an a b stra c t -
model in  order to  study the r e a l system 's behaviour" -
(S p r ie t  and V an steen k iste , 1982, page 4)
Sim ulations can improve complex th in k in g , avoid encouraging
u n id irectio n a l thinking and encourage stud en ts to  consider sev era l
asp ects o f  a model a t  the same time (Wederkind [1 9 7 7 ]) .
The model used by a sim ulation  program i s  produced by condensing the 
necessary amount o f  inform ation from the m o d eller 's  environment. 
However, th is  ; can :-result -in  the model being a somewhat p oor image o f  
the real-world: o b je c t . , .< Models encode knowledge. They • are o ften ' seen  
as having a marked a b i l i t y  to  in teg r a te  s e t s  o f  d isconnnected  
re la tio n sh ip s  oand. thus f a c i l i t a t e  the drawing o f  otherw ise d i f f i c u l t  
im p lica tio n s .
Real-world p rocesses can be represented  m athem atically a t  any required  
le v e l  (S p r iet and V ansteen k iste , 1982). I f  one d escr ib es  a system  a t
the behaviour le v e l ,  the low est o f  the le v e l s ,  the model i s  viewed as a
black box. Measurements are made on i t  in  th e ir  ch ron olog ica l order.
CAL sim ulations ty p ic a l ly  use "black box" types o f  m odel. Normally in  
a CAL sim ulation  seme v a r ia b le s  o f  the model are considered as  INPUT, 
th a t i s  n o t under co n tro l o f  the box i t s e l f ,  and oth ers a s  OUTPUT, th a t  
i s  ex tern a lly  p erce ivab le  to  the experim enter or to  the environment 
ou tsid e  the system boundary represented  by the box. Experim entation  
on the real-w orld  process addresses the behaviour le v e l .
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The s ta te  s tru c tu re  le v e l  i s  sa id  to  be where the mechanism for the  
in ter n a l working o f  the model i s  d escr ib ed . The h ig h e s t  le v e l  i s  the  
com posite stru ctu re'leve l*w h ere  a system i s  described by sp e c ify in g  how 
to  con stru ct i t  by connecting togeth er more elem entary b lack  boxes 
known as components.
G ilb ert and Osborne (1980) recognise f iv e  types o f  model:
1) S ca le  (or ic o n ic )  m odels.
2) Analogue models which reproduce the stru ctu re  or  web o f  
r e la t io n sh ip s  in  the real-w orld  system in  an a b stra c t way.
3) Mathematical models where the model i s  summarised or
represented by a m athematical equ ation . • < • ■:< r n
4) T h eoretica l models which in v o lv e  the production o f  a  p h y s ic a l
rep resen tation  o f  a phenomenon which can be app lied  to  the  
study o f  the 7 phencmencn without-, -making: th e o r e t ic a l
assumptions about i t .  These th e o r e tic a l models are  
communicated as verb a l or diagrammatic forms.
5) "Archetype" models which are the most a b stra c t o f  a l l  the  
models. These are seen as a "system atic rep er to ire  o f  id ea s  
by means o f  which a g iv en  th inker d e scr ib es , by a n a lo g ica l  
ex ten sion , seme domain to  which th ese  id ea s  do n o t  
immediately and l i t e r a l l y  apply". (Black, 1962).
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Level o f  D e ta il  
(S p r ie t & 
V a n steen k iste ,1982)
Type o f  Model 
(G ilb ert &
Osborne,1980)
Form o f  CAL
Behaviour L evel. S ca le  Models. 
T h eoretica l Models. 
Archetype Models.
"Black Box" 
sim ulation  
programs.
S ta te  Structure L evel. Mathematical Models. "Windows in  
Black Box" 
Sim ulation  
Programs. 
LOGO
programs.
i
Composite
Structure L evel.
Analogue Models. LOGO
programs.
Figure 4 .1  A scrip tion  o f  Types o f  Model and Forms o f  CAL to
S p r ie t  & V an steen k iste 's  (1982) D escr ip tio n  o f  
L evels o f  D e ta il
I t  i s  o f  course n ecessary  to  determ ine the v a l id i t y  o f  a model b efo re  
i t  i s  used ty  s tu d en ts . As one p rogresses from the behavioural l e / e l  
to  the com posite s tru c tu re  le v e l  i t  becomes more d i f f i c u l t  to  determ ine  
a m odel's v a l id i t y .  N evertheless the claim s for the model are
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strengthened as v a l id i t y  i s  shown a t  the h igh er  le v e l s .  S p r ie t and 
V ansteenkiste (1982) b e lie v e  th at v a lid a tio n  should consider three  
areas:
i )  V a lid a tion  in  deduction -  th a t i s  i t s  prem ises are ex a ct or  
the consequences o f  the prem ises are c o r r e c t .
i i )  V a lid a tion  in  induction  -  th a t i s  whether ob servation a l data  
o f  the real-w orld  and sim ulation  system s are equal.
i i i )  V a lid a tio n  in  purpose -  th a t i s  whether the g o a l o f  the model 
can be obtained .
The "POND" programs used in  my main study are sim u lation s o f  a pcxid 
ecosystem . Models chosen for use in  CAL programs are u su a lly  a 
compromise between a model which a llow s a q u a n tita tiv e  understanding o f  
the system, and a model which provides a r e a l i s t i c  rep resen tation  o f  
the system (Wood, 1979). Models, th erefore , have o fte n  be seen as  
occupying an in term ediate  p o s it io n  between observed rea lity -a n d  theory*
Models o f  environm ental systems have been produced on computers s in c e  
the 1 9 70 's . I t  i s  new recognised th a t a  p r e c is e  m athem atical 
d escr ip tio n  o f  th is  type o f  system i s  d i f f i c u l t  to  produce. In many 
ca ses , ecosystem s are on ly  s u f f ic ie n t ly  w e ll understood for  s c i e n t i s t s  
to  be ab le  to  provide verb al d e scr ip tio n s  ra th er  than p r e c is e  
mathematical on es. Such systems are known as "soft" system s.
The in term ediate p o s it io n  taken by models i s  apparent in  both the  
"inductive" and "hypothetico-deductive" view s o f  s c i e n t i f i c  reasoning  
(G ilbert and O sbom e,1980). On the in d u ctive  scheme, models provide a  
v i t a l  in g red ien t in  un itin g  fa c ts  towards the form ulation o f  th eory.
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On the hypo the tico -d ed u ctiv e  scheme, theory i s  app lied  through the 
model. The con stru ction  o f  models o f  environm ental systems in vo lves  
considerab ly  more recourse to  in d u ctive  in feren ce  than do models 
a r is in g  say in  aerospace engineering and chem ical p rocess co n tro l. On 
the o th er  hand, the b a s ic  equations ch aracter isin g  dynamic phenomena in  
environmental system s are far  b e tte r  known than in  r e la t iv e ly  "darker" 
areas o f  b io lo g y .
The aim o f  sc ien ce  sim u la tion s, i t  can be sa id , i s  to  develop a 
s tu d en t's  m ental model o f  a phenomenon. Students should be ab le  to
"put numbers to  th e ir  'fe e lin g  for' the system  and be ab le  to  
d escr ib e  sane o f  the fea tu res in  m athem atical terms, as the 
underlying program does"
(Wood, 1979).
This i s  a communication problem in  th a t i t  req u ires the tra n sfer  o f  a 
m ental p ic tu re  v ia  ic o n ic , v erb a l, diagrammatic and sym bolic 
(mathematical) rep resen ta tio n s, and, by confronting stud ents w ith  
contrived  s itu a t io n s  (fo r  example, experim ents), which focus on asp ects  
o f  r e a l i t y .
The edu cation al va lu e o f  a CAL sim ulation  program depends cn the 
a b i l i t y  o f  a student to  learn  from h is  m anipulation o f  a model w ith in  
the program (Ayscough [1 9 7 6 a ]). An im portant p a r t o f  sc ien ce  
education should be concerned w ith developing reasoning a b i l i t i e s  
required for model bu ild ing and model ev a lu a tio n . Students should be 
encouraged to  develop an in s ig h t  in to  var iou s a sp ec ts  o f  s c i e n t i f i c  
method. Wood (1979) recommends th a t th is  in s ig h t  should be brought 
about by the use o f  "windows" in to  the "black box" o f  the model used by 
the CAL program.
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I t  i s  important th a t students beccme aware o f  the various assumptions 
and s im p lif ic a t io n s  made by the program developer or teacher. By 
having windows in  the b lack  box type o f  sim ulation  model as Wood (1979) 
su g g ests , the le v e l  o f  d e t a i l  i s  ra ised  from the behaviour Level' to  the 
S ta te  Structure L evel.
Wederkind (1977) b e lie v e s  th a t i f  students work in te r a c t iv e ly  w ith  
models o f  dynamic system s, they should have the opportunity to  work 
w ith models on d if fe r e n t  l e v e ls  o f  com plexity. By working w ith models 
o f  d if f e r e n t  com plexity, the nature o f  the learning changes. Wederkind 
d escr ib es  such changes in  learning as:
i .  the a c q u is it io n  o f  inform ation about the c h a r a c te r is t ic s  o f  
the model,
i i .  sy stem a tisa tio n  , or the performance and eva lu ation  o f  a s e t  
o f  experim ents r e la ted  to  a sp e c ia l problem,
i i i .  problem -solving,^^students may sfind■ > th e ir  -/owriunew p r o b l e m s , , 
b u ild  new models and t e s t  th ese m odels.
This la t t e r  s ta g e  w i l l  probably require the a b i l i t y  o f  the stu d en t to  
be a b le  to  program, and thus the in t e r e s t  th a t i s  taken by many people  
in  the r e la t iv e ly  sim ple "structured programming languages" such as  
LOGO, PASCAL and COMAL.
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4 .1 .2  The Design o f  CAL Programs
CAL programs are u su a lly  bought togeth er  w ith supporting n otes and 
in s tr u c tio n s ,' known as a  CAL package. Seme people ( fo r  example, Lewis 
[1 9 7 8 ]) , although b eliev in g-th e-com p u ter-p rogram  to  be an e s s e n t ia l  
elem ent o f  a CAL package, do n o t b e lie v e  th a t i t  can stand on i t s  own 
"any more than laboratory apparatus a lone can provide a learning  
experience for  stu d en ts" . In the CUSC p r o je c t , support for  the 
program was provided for  example Toy w ritten  m a ter ia l, f ilm s, and 
experim ents. Such a d d itio n a l m a ter ia l h o p efu lly  lead s to  the informed 
use o f  the program which i t s e l f  u su a lly  provides a means for enriching  
understanding.
With modem computer technology which i s  ab le  to  provide both w ritten  
and g rap h ica l inform ation on a v is u a l  d isp la y  u n it  (VDU), there must be 
a decreasing demand for packages from th e stu d en ts V p o in t  o f  v iew . 
The inform ation presented in  package n o tes  provides nothing th a t  cannot 
be provided by the .computer.^ Indeed, . by presentdLng such inform ation  
on the VDU the students w i l l  be more l ik e ly  to  read i t  than i f  i t  were 
presented sep a ra te ly .
Teachers w i l l  s t i l l  need to  r e fe r  to  package n o te s , rather than the 
program, to  find out i t s  p o te n t ia l u se s . The p la c e  o f  a d d itio n a l  
e x e r c ise s  such as laboratory experim ents w i l l ,  o f  course, s t i l l  have 
the same important r o le  to  p la y . The p la ce  o f  film  m a ter ia l e t c .  w i l l  
be in  le s s  demand w ith the recen t in trod u ction  o f  in te r a c t iv e  v id eo d isc  
systems and the improvement o f  computer grap h ics so  th a t rapid  
photographic q u a lity  d isp la y s  are p o s s ib le .
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Package n o tes  do n o t seem to  be the most e f f i c i e n t  way for  stud en ts to  
be "primed" how to  use the program. Programs should be designed to  be 
se lf-su p p o r tin g . Many a t  ,the p resen t time are n o t, and some indeed  
are alm ost im possib le to  use w ithout a d d itio n a l package n o te s .
Older stud ents ( for example, those in  Higher Education) could p o ss ib ly  
be r e lie d  upon to  read package n o te s , but younger stu d en ts, for  example 
in  sch oo ls  probably o ften  n e g le c t  to  do so . Programs should thus be 
designed to  in clu d e enough inform ation for any stud en t to  be a b le  to  
use th a t program and to  use i t  in  such a way th a t the learning  
experience i s  a f r u it fu l  one. Programs should thus have the "power" 
to  encourage understanding and lea rn in g .
lew is  (1978) s ta te s  th at:
"teachers b e lie v e  th a t the use o f  the package w i l l  in crea se  
the chance o f  achieving the o b jec tiv e s"  .
However, the design  o f  the program and the learning g o a ls  o f  the
program user w i l l  both p lay  an important p art in  determ ining whether
th ese o b je c tiv e s  are m et. My main o b jec tiv e  in  th ese s tu d ie s  was to
be ab le to  say how the design  o f  the program and the inform ation
contained w ith in  th a t program a ffe c te d  learning behaviour and the
understanding o f  concepts.
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The use o f  the computer for CAL in  sc ien ce  education has o ften  been 
referred  to  as using the "computer as a laboratory". The stu d en ts can 
make d e c is io n s  about what they want to  in v e s t ig a te , o b /io u s ly  w ith in  
the lim ita t io n s  o f  the program, and how they w i l l  perform th ese  
in v e s t ig a t io n s . They are n o t compelled to  fo llow  a laid-dcwn  
procedure. They can ask o f  them selves "what w i l l  happen i f . . . . . ? " .
The ex ten t to  which th is  freedom o f  the student to  in v e s t ig a te  a 
problem or s e r ie s  o f  problems can be extended depends very  much on the 
sim ulation  model used by the program. Seme programs use a rather  
s im p lis t ic  model, a model from which many o f  the complex and 
inappropriate is su e s  and concepts are removed. This on ly  lea v es  those  
concepts which are appropriate to  the inm ediate needs o f  a p a r tic u la r  
group o f  stu d en ts. As lew is  (1978) s ta te s :
"There are same inh erent dangers h ere. F ir s t ,  the stu d en t
may confuse the model system  w ith  r e a l i ty ,  and secondly the  
s tu d en t's  in v e s t ig a tio n s  may become ad versely  restra in ed  or  
d ir e c te d ."
Such problems can be overcome. The f i r s t  problem can be removed by 
being h on est w ith  the stud en t as to  the lim ita tio n s  o f  the program, and 
a lso  by r e la t in g  the model to  the r e a l world. The second problem can 
be overcome by a ca re fu l d esign  o f  the package as a whole.
Lewis c i t e s  the "problem guided" s tra teg y  as th a t which approxim ates 
the s c i e n t i f i c  method most c lo s e ly .  With th is  approach a s e r ie s  o f  
c a r e fu lly  structured q u estion s and problems are presented  to  the 
student by the package n o tes . The use o f  the computer model in  the CAL 
program i s  thus on ly  p a r t o f  the e n tir e  p ro cess . Lewis se e s  the  
stru ctu re  o f  CAL programs having a s im ila r  b a s ic  stru ctu re:
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In designing the model which m i l  form the PROCESS p art o f  the program 
(th e "machinery'1 o f  the program w d ll n ot be seen [ th a t  i s  i t  w i l l  be a 
"black box"], but co n tro lled  to  sane e x te n t by the stud en t using the  
program) the INPUTs to  be made by the student must be c a r e fu lly  
considered . In the INPUT se c t io n , Lewis b e lie v e s  th a t the stud en t 
must be c a r e fu lly  guided to  provide parameter va lu es which w i l l  be used 
during the PROCESS p a rt o f  the program. A d e c is io n  must be made a t  
the time o f  w ritin g  the program as to  how much guidance w i l l  be 
provided and the form th a t th is  guidance w d ll take.
The danger in  providing too  much guidance, for example by providing  
d e ta ile d  explanatory n o tes concerning each INPUT va lu e  togeth er  w ith  
ensuring th a t the va lu es  are w ith in  a sp e c if ie d  range (e ith e r  by 
programming "default" v a lu es  or by recommending a range o f  v a lu e s ) , i s  
th a t i t  m ight in h ib it  much o f  the s tu d en t's  d e s ir e  to  experim ent w ith  
th a t model. The stud en t w i l l  be l e s s  l ik e ly  to  find ou t "what happens 
i f . . . . ? "  but to  m erely fo llo w  the program through a number o f  d efin ed  
s itu a t io n s  and observe what happens.
There i s  a ls o  a danger in  providing too  l i t t l e  guidance, t h is  can 
r e s u lt  in  much time being wasted by the stud en t using INPUT v a lu e s  
which w i l l  prove to  be f r u i t le s s  in  terms o f  the r e s u lt s  provided by 
the program a t  the OUTPUT sta g e  o f  th e program. I t  could e a s i ly  lead  
to  a fee lin g  o f  bored cm and/or fr u s tr a tio n . I t  may thus be compared 
w ith the laboratory experim ent th a t d o e sn 't  work.
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F eelin gs such as th ese  ju s t  c ite d  w i l l ,  o f  course, do l i t t l e  to  
in crease  the s tu d en t's  understanding o f  the sim ulation  model, nor 
indeed for  the s tu d en t's  fe e lin g s  towards CAL i t s e l f  a s a means o f  
learn in g . There i s  a lready considerab le antagonism towards CAL by 
teachers who had experience o f  "teaching machines". I t  would seem 
unnecessary to  have p oorly  designed CAL programs encouraging s im ila r  
fe e lin g s .
The OUTPUT se c t io n  o f  the program must be c a r e fu lly  d esigned . The
student must be a b le  to  p erce iv e  the co rrect inform ation, th a t i s  the
inform ation th a t the program d esign ers wish to  convey to  the stu d en t.
Much has been sa id  o f  the advantages o f  using modem computer graphics
technology, fo r  example:
" It has became a c lic h £  to  say th a t one p ic tu re  i s  worth a 
thousand words, t u t  on ly  because i t  i s  tru e . A more
re lev a n t p o in t i s  th a t a few graphs can be worth a g r e a t  many 
numbers, to  so  marked a degree th a t there are even dangers in  
saying th a t a diagram i s  worth a thousand numbers. . .  .People  
g e n e ra lly  have g r e a t  d i f f i c u l t y  in  d ig estin g  sequences o f  
numbers and understanding the r e la t io n sh ip s  th a t they  
contain ."  (S h ir le y , 1978)
This quotation  contin u es:
"Much o f  the su b jec t m atter for  sc ien ce  students c o n s is t s  o f  a 
s e t  o f  in ter lo ck in g  laws describ in g  fu n ction a l r e la t io n sh ip s  
between observable and derived q u a n tit ie s , and the  
a p p lica tio n  o f  those law s. For most p eop le , such  
r e la t io n sh ip s  are more e a s i ly  understood in  g ra p h ica l than 
a n a ly t ic a l form, so  i f  one i s  to  teach for  understanding the  
most n atu ra l medium i s  in te r a c t iv e  graphics."
At the time th a t th is  was w r itten , microcomputers were beginning to
make th e ir  "mark" on the computing world. Although th ese
microcomputers u su a lly  had seme form o f  graphics a v a ila b le  there
u su a lly  was no way to  produce a cheap hard-copy o f  the g ra p h ica l
inform ation d isp la y ed  on the VDU. Since th a t tim e, dot-m atrix
p r in ters  have become a v a ila b le  for microcomputers, the q u a lity  o f  the
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hard-copy p r in t  improving from low -reso lu tion  graphics to  being ab le  to  
p r in t  h ig h -r e so lu t io n  g ra p h ics . Consequently, n o t o i l y  i s  a g rap h ica l 
d isp la y  a v a ila b le  fo r  output on to  the VDU, but a ls o  a permanent record 
o f  th a t inform ation can be reta ined  for la te r  use by the stud en t 
w ithout having to  r e so r t  to  the expensive Polaroid camera.
The q u a lity  o f  g ra p h ica l d isp la y s  in  CAL programs can vary from 
"crude", low r eso lu tio n  diagrams or graphs in  monochrome to  extrem ely  
h igh  q u a lity  "photographic" images being d isp layed  on the VDU or  
printed  in  co lo u r . The q u a lity  o f  the grap h ica l disp>lay must have a 
marked e f f e c t  on the perception  o f  the inform ation by the stu d en ts, and 
thus i t s  p o te n t ia l in  CAL to  promote understanding.
Lewis (1978) in  d escr ib in g  ways by which the ed u cation al b e n e f it  o f  
packages can be maximised sa id  th a t the programs must be capable o f  
being used in  a v a r ie ty  o f  in s t i t u t io n s  over a number o f  y ea rs .' This 
meant th a t a package must be f le x ib le  to  be a b le  to  be adapted to  
changing c u rr icu la . Lewis thus exp ects the programs to  be "neutral 
with resp ec t to  education al philosophy". He se e s  the program as  
e s s e n t ia l ly  being the model togeth er  w ith an in te r fa c e  w ith  the 
stu d en t. The education al ph ilosophy i s  provided by the package n o te s ,  
le w is 's  major concern i s  in  ease  o f  tr a n s fe r a b ility  rather than to  be 
ab le  to  produce a program th a t w d ll maximise the ed u cation al b e n e f it  
gained by stud ents using th a t program.
Much can thus be done to  ensure th a t the learning experience i s  a r ic h  
one fear those students using CAL programs/ for example by:
i .  Program guidance to  the student can be provided, perhaps 
m erely by suggesting experim ents, INPUT v a lu es  e t c . ,  perhaps 
ty  m odelling a s tu d en t's  use o f  th e program and comparing 
w ith an "expert's" use o f  th a t program and providing  
a ss is ta n c e  as would appear to  be n ecessary , as has been used 
for example in  A r t i f i c ia l  I n te l l ig e n c e  systems such as  the  
program WUMPUS (G oldstein , 1979).
i i .  Have sim ulation  programs vhich  have windows in  the b lack box, 
as suggested by Wood (1979)..
i i i .  By providing more in c e n tiv e  to  stu d en ts by making the  
e x p l ic i t  g o a ls  o f  the program mere a t t r a c t iv e  perhaps by 
producing game v ers io n s  o f  the s im u la tio n .
4 .2  The Development o f  the Main Study Programs
4 . 2 . 1 POND-2
The package n otes for POND-2 (Tranter and Leyeridge, 1978) d escr ib e  the  
conceptual aims o f  the program to  be :
(a) a r e a l is a t io n  th a t communities o f  organisms w ith in  an 
ecosystem  are  in  a d e l ic a te  s ta te ,  e a s i ly  u p set by n a tu ra l 
changes w ith in  an ecosystem  or by ex tern a l p ressu res imposed 
as a r e s u l t  o f  man's a c t i v i t i e s .
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(b) a r e a lisa t io n  th a t a community o f  organisms c o n s is ts  o f  many 
pop ulations o f  in d iv id u a l sp ec ie s  vh ich  e x is t s  together and 
are interdependent, and th a t the nature o f  the community and 
the s iz e  o f  each population  are the d ir e c t  r e s u lt  o f  the 
various in te r -r e la t io n sh ip s  e x is t in g  between the p la n ts  and 
animals w ith in  the community.
(c ) a r e a lisa t io n  th a t the interdependence o f  the organisms i s  
r e f le c te d  by th e ir  feeding h a b its , and th a t th ese  can be 
expressed in  variou s ways, including food ch a in s, food webs
and pyramids o f  numbers and energy, and th a t a l l  communities
and ecosystem s are u ltim a te ly  dependent for  th e ir  e x isten ce  
on so la r  energy and primary producers.
(d) a r e a lisa t io n  th a t c y c l ic a l  changes w i l l  Occur in  a community 
o f  organisms, even when i t  i s  in  a "stable" co n d itio n .
(e) a r e a lisa t io n  th a t the study o f  complex s itu a t io n s  can be 
approached by the use o f  s im p lified  models to  e s ta b lis h  b a s ic  
p r in c ip le s .
Ihe authors o f -  the package n o tes reccmnend th a t th e  studen ts have ' 
recen t co n ta ct w ith  rea l organisms before using the sim ulation  so  th a t  
the program i s  n o t too a b stra c t a study.
A f u l l  l i s t in g  o f  the POND-2 i s  g iven  in  appendix 8a . A d e scr ip tio n
o f  the pedagogic aims o f  POND-2 are g iven  in  appendix 8b.
Ihe program provided by the p u b lish ers produced three separate graphs 
(one each for  the f is h ,  herbivore and phytoplanktcn pop u lation s) output 
to  a te le ty p e  p r in ter . However, for  the sm all VDU o f  a person al 
microcomputer such as the Commodore PET , three sep arate  graphs cannot 
be presented  sim ultaneously . The g rap h ica l d isp la y  was thus
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redesigned to  a llow  the overlay  o f  a l l  three l in e s  representing the 
behaviour o f  the three troph ic l e v e l s .  This n e c e ss ita te d  using three  
separate "y-axis" s c a le s , one for each o f  the p op u la tion s. The three  
l in e s  were represented by the i n i t i a l  l e t t e r s  o f  the three trophic  
l e v e l s ,  th a t i s  F ( i sh ) ,  H (erbivores) and P (hytop lanktcn). The s iz e  o f  
each o f  th ese  population was represented on the graph each month. The 
resu lt in g  d isp la y  ( see  fig u re  4 .2 )  was an extrem ely lo w -reso lu tio n  form 
which needed seme p r a c tic e  in  in ter p r e ta tio n . An a lte r n a t iv e  tabular  
d isp la y  was a ls o  a v a ila b le  to  the students (see  fig u re  4 . 3 ) .
(se c tio n  4 .2 .1 )
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Figure 4 .2  Photograph o f  low reso lu tio n  graph
cn PET VDU
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Figure 4 .3  Photograph o f  Table on PET VDU
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4 .2 .2  PONDQU
PONDQU i s  based cn the program POND-2. The on ly  d if fe r e n c e  between 
POND-2 and th is  program i s  th a t PONDQU contains a number o f  questions  
and statem ents which were designed to  be th o u g h t-d irectin g . The 
in te n tio n  o f  th ese  questions and statem ents was to  gu id e the student 
and to  concentrate the stu d en t's  mind cm the concepts vhidh the program 
i s  attem pting to  demonstrate to  the stud en t. These q u estion s and 
"thought-directing" statem ents (appendix 9) are provided by the program 
follow ing the use o f  each o f  the four modes.
A f u l l  program l i s t in g  o f  PONDQU i s  g iven  in  appendix 10a, and a f u l l  
d escr ip tio n  o f  the pedagogic aims o f  the program in  appendix 10b.
4 . 2 . 3  PONDGAME
The format o f  th is  program, o f  vhich  there i s  a f u l l  l i s t in g  in  
appendix 11, was designed to  be d if f e r e n t  frcm the o th er  programs used 
in  th ese  s tu d ie s . I t  was designed as a game, vhere the sim ulation  i s  
th a t o f  a f is h  fern and a recrea tio n a l cen tre  for  f is h in g . The 
commercial a sp ect o f  the program, th a t i s  the apparent requirem ent to  
make a p r o f i t  over a number o f  years was included to  m otivate the 
stu d en ts. I t  can be regarded as a g o a l towards vhidh the students  
m ight aim. To be r e la t iv e ly  su c c e ss fu l in  th is  game, a s u f f i c ie n t ly  
large  population  o f  f is h  must be m aintained over the du ration  o f  the 
game.
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I  hoped th a t stud en ts would "play" w ith  th is  program but s t i l l  acquire  
as many o f  the same concepts as in  the o th er POND programs. I  hoped 
th a t they would show enthusiasm fo r  the learning s itu a t io n  being  
provided.
I t  has long been recognised th a t everyone enjoys playing games, a d u lts  
and ch ild ren  a l ik e .  With the advent o f  m icroprocessor tech n o lo g ies , 
"computer games" have flo u r ish ed . This exp losion  o f  computer games 
was led  ty  the Space Invaders game. Although many a d u lts  v iew  th is  
game as an expensive and tim e-wasting occupation for  the ch ild ren  young 
ad u lts  vho spend considerab le time and money p laying i t ,  i t  has proved 
to  be o f  b e n e f it  to  cer ta in  se c t io n s  o f  S o c ie ty  in  sev era l ways.
I t  has been w idely  reported by jo u r n a lis ts  th a t develcpm entally  
handicapped ch ild ren  have been s u f f i c ie n t ly  m otivated ty  the game to  
move hands and fin g ers  in  a co-ord inated  fash ion , whereas before they  
had n o t been a b le  to  move these p a rts  o f  th e ir  body in  such a way. 
The m o tiva tion a l force o f  computer games and CAL programs i s  well-known 
and i t s  use in  sp e c ia l education has been recognised (see  for example 
Brebner and Hallworth [1980] and C ox[1981]).
The c a p tiv a tio n  o f  minds t y  computer games has been stu d ied  t y  Malone 
(1981).  He was in ter e sted  in  how the same th in gs th a t have made 
computer games cap tiva tin g  and m o tiv a tio n a l could be used "to make 
learn ing w ith  computers more in te r e s t in g  and enjoyab le" . From h is
s tu d ies  o f  people playing computer games he developed a s e t  o f  
g u id e lin e s  for  designing h ig h ly  m otivating ed u cation a l computer 
programs. He found, for example, th a t the more obvious the g o a ls  o f  
the program, the more popular the game. Scoring, audio e f f e c t s  and
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randomness a ls o  had h igh  co rr e la tio n s  w ith game pop u larity . The
ch ild ren  lik ed  graphic games and s ig n if ic a n t ly  d is lik e d  word games. 
Malone defin ed  three ca teg o r ie s  o f  c h a r a c te r is t ic s  th a t make
in s tr u c t io n a l environments in te r e s t in g :
i .  Challenge -  fo r  example g o a ls  vhich  are p erso n a lly  m eaningful,
and have v a r ia b le  d i f f i c u l t y  l e v e l s .
i i .  Fantasy -  This in c lu d es both in t r in s ic  and e x tr in s ic
fa n ta s ie s , the la t t e r  being regarded ty  Malone as 
more im portant allow ing a stud en t to  provide  
metaphors and a n a log ies th a t h e lp  apply o ld
knowledge in  Understanding new knowledge.
i i i .  C u riosity  -  Programs can stim u la te  and s a t i s f y  c u r io s i ty .
learn ing environments can evoke a le a r n e r 's  
c u r io s ity  t y  providing an optim al l e v e l  o f  
in form ation al com plexity w ith  resp ect to  the
lea rn er 's  e x is t in g  knowledge^ The programs should  
be n ovel and su rp risin g  but n o t com pletely  
incom prehensible. Malone a ls o  b e lie v e s  th a t  the
programs should be co n stru c tiv e  in  h elp ing  the  
learn ers remove the m isconceptions th a t caused them 
to  be surprised  in  the f i r s t  p la c e .
In ad d ition  to  the above, Malcne b e lie v e s  th a t the a b i l i t y  o f  a person  
to  choose g o a ls  i s  im portant in  making learning fun.
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The g o a ls  in  PONDGAME for the stud en t were to  make a p r o f i t  cn the f is h  
form, and to  learn about the pond ecology in  so  doing. Both o f  th ese  
g o a ls  were provided to  the stud en t in  the te x t  preceding the s tu d en t's  
use o f  the program. In using the sim ulation  i t  i s  hoped:
i )  th a t the s tu d en t's  c u r io s ity  to  find ou t what happens in  
certa in  s itu a t io n s  w i l l  be ex c ited  and thus the stu d en t w i l l  
produce new g o a ls  for  h im se lf ,
i i )  th a t the stud en ts w i l l  have in t r in s ic  f a n t a s ie s  as they use  
the program imagining th a t they a re , indeed, running a f is h  
form.
By aiming to  make a p r o f i t ,  t y  being curious as to  vhat happens 
v h e n . . . . ? ,  and t y  l iv in g  in  an imaginary world provided t y  the game i t  
i s  to  be hoped th a t the stud en ts w i l l  use the program s u f f i c ie n t ly  to  
learn  about the model to  make "enough" p r o f i t  and a ls o  to  s a t i s f y  the  
academic g o a l, -that o f  lea m in g  about pond ecosystem s. / - ^
4 . 2 . 4  P0ND2HELP
As w ith  the other three programs in  the s e r ie s ,  th is  program, o f  vh ich  
there i s  a f u l l  l i s t in g  in  appendix 12a, i s  a m od ifica tion  o f. POND-2. 
The d iffe r e n c e  between POND-2 and P0ND2HEIP i s  th a t in  the la t t e r  
program I  have included a system vhereby h e lp  can be provided to  the  
stud en t i f  they so  choose.
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The determ ination o f  a su ita b le  suggestion  o f  h e lp  to  the students i s  
made using vhat I have c a lle d  a " lev e l o f  understanding" (L.O.U.).
The L.O.U. i s  determined t y  asking the student to  s ta te  whether cer ta in  
statem ents are true or f a l s e .  These statem ents, as I w i l l  show la te r ,  
are arranged in  a h ierarchy  vh ich  I  b e lie v e  might a s s i s t  the stud en ts  
to  work e f f i c i e n t ly  through the program. Appendix 13a shows the
flow -charts o f  the d esign  o f  those p arts o f  the program concerned w ith
providing guidance or  h e lp  to  the stu d en ts.
Many workers ( for  example Gagn£ and Ausubel) b e lie v e  th a t concepts 
should be acquired in  an ordered' manner by a h ie r a rc h ica l p resen ta tio n  :v. 
o f  the concep ts. I f  th ere i s  such a thing as a "best way" to  acquire  
a s e t  o f  in ter r e la ted  concep ts, then i t  i s  to  be hoped th a t such a 
program as P0ND2HEIP w i l l  h e lp  to  t e s t  the truth o f  th is  statem ent.
In P0ND2HELP I  have used a h ierarchy o f  twenty one con cep ts. This I
hoped would a llow  me to  determ ine vhidh o f  the p o s s ib le  seventeen  
le v e ls  o f  understanding, a stud en t appears to  be a t  in  any one p o in t  
during th e ir  program-run, and to  see  whether th e ir  progress through the  
"hierarchy" was a t  a l l  l in e a r .
These twenty one concepts were chosen s in c e  I  b e lie v e  they are
important for a good understanding o f  the concept "food pyramid". 
However, not a l l  o f  the twenty one concepts are v a l id ,  sev e r a l are  
in v a lid  concepts in  the co n tex t o f  the model being used in  t h is  
program. I  included th ese  in v a lid  concepts because, as I  s h a l l  show 
in  la te r  chapters o f  t h is  th e s is :
(a) I found them to  be frequently  p ossessed  t y  the stu d en ts who 
have used POND-2, PONDQU and PONDGAME, and
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(b) because I  b e lie v e  i t  to  be necessary to  determ ine whether 
such a concept i s  p ossessed  t y  a stu d en t. Once i t  has teen  
determined th a t a m isconception i s  p ossessed  t y  a stud ent, 
the stud en t m ight be encouraged to  acquire the v a lid  concept.
The order, or  h ierarch y , I have chosen i s  a person al c h o ic e . However, 
i t  i s  a ch oice h e a v ily  in flu en ced  t y  the order in  vh ich  I  found th ese  
concepts to  have been acquired t y  stu d en ts. F igure 4 .4  shows the  
concepts, or groups o f  r e la ted  concepts, a t  each o f  the le v e ls  o f  
understanding. This h ierarch y  was derived frcm the network o f  
concepts shown in  figu re  4 . 5 .
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From fig u re  4 .5  i t  can be seen th a t the students appeared to  work in  
the previous programs (POND-2, PONDQU and PONDGAME) fran a knowledge 
th a t the organisms were interdependent to  an id ea  o f  hew the numbers o f  
each o f  the troph ic le v e l s  were interdependent to  a more exact or  
s p e c if ic  n o tio n  th a t the numbers were re la ted  because one population  
fad o f  another population . This i s  followed by a r e a lis a t io n  th a t the 
plankton p h o tosyn th esise , and th a t the plankton can l i v e  in  the pond 
w ithout f is h  or  h erb ivores.
In the h ierarch y  shown in  figu re  4 .4  I  have regarded th is  ordering o f  
the concepts to  be the most im portant, and thus should come e a r l ie r  in  
a lin e a r  h ierarch y . I have follow ed th is  progression  o f  the concepts  
by concepts concerned w ith  an equilibrium , and how p o llu t io n  a f f e c t s  
th is  equ ilibrium .
The s tu d en t's  Tfevel o f  Understanding i s  determined a t  the s t a r t  o f  the  
program, and whenever during the program-run s /h e  d ec id es  "not to  
continue". Appendix 12b d escr ib es  how the le v e l  o f  Understanding i s  
determined in  the program.
The var iou s le v e ls  o f  guidance provide comments and su g g estio n s for  
future task s vhich the students could , i f  they so  d e s ir e , choose to  do. 
These comments can ask the students to  question  id ea s  or  concepts they  
appear to  p o sse s s , and perhaps experim ent w ith  the model to  find out 
vhether th is  id ea  appears to  w ithstand such a t e s t .
I f  the stu d en t does n ot find the comments and su g g estio n s u se fu l then 
they have the opportunity to  ask for  another s e t  o f  comments and 
su g g estio n s . These comments and su ggestion s are provided a t  a l e v e l
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lower than those immediately presented . Two s e t s  o f  comments and 
su ggestion s a t  any one p o in t in  the program-run i s  the maximum o ffer ed .  
The stud en t has the ch oice o f  e ith e r  accepting th ese  su ggestion s and 
design ing combinations o f  INPUT va lu es which m ight, for  example, t e s t  a 
p a r tic u la r  h y p o th esis , or  o f  ignoring vh at has been suggested and 
carrying on w ith  the program using th e ir  own id ea s  concerning how the 
program should be used.
The s e t s  o f  comments and suggestions which are provided to  the stu d en ts  
a t  each le v e l  o f  guidance i s  shown in  appendix 13b.
Chapter 5
The 'POND' Programs as a Teaching Medium
5 .1  Introduction
In th is  chapter I  intend to  provide an overview  o f  how the students  
regard and make use o f  the POND programs. There are four a sp ects  th at  
I  want to  consider h ere: ~ -  -
a . The aims o f  the POND programs as perceived  by the stu d en ts These 
aims, o b je c tiv e s  or g o a ls  p la y  a ' la rg e  p a rt in  d ir e c t in g  a 
s tu d en t's  a c t i v i t i e s  during th e ir  use o f  the CAL program.
b . The knowledge th a t a studen t can g a in  through the use o f  a CAL 
program i s  dependent to  a large  e x te n t on the inform ation th a t i s  
disp layed  on the V.D.U. or  hardcopy p r in to u t as a r e s u lt  o f  the  
computer's a c t i v i t i e s  being governed by the program. I  have 
already d iscu ssed  (4 .1 .2 )  the variou s forms in  vhich  data  can be 
output by the computer and the r e su lt in g  e f f e c t  i t  m ight have on 
learn in g . In th is  chapter I  intend to  in v e s t ig a te  s tu d en t's  
view s regarding various forms o f  data p resen ta tio n , inclu d ing  
those used in  the POND programs.
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c .  Having determined the apparent g o a ls  o f  stud ents and the e f f e c t  
th a t the form o f  data  p resen ta tio n  may have on the body o f  
knowledge acquired by a stu d en t, I  want to  examine the development 
o f  the concept "food pyramid" through the use o f  th ese programs.
d . F in a lly , I  want to  examine how the a t t itu d e  o f  students to  the 
teaching o f  the food pyramid concept might be changed as a r e s u lt  
o f  using the programs, and how th ese  a t t itu d e s  m ight be d if fe r e n t  
as a r e s u lt  o f  using programs o f  d if fe r e n t  s t y le s  and s tru c tu re .
By looking a t  th ese  four d if f e r e n t  a sp ects  o f  the POND programs, I  hope 
th a t an o v e r a ll p ic tu re  o f  th ese  programs w i l l  be g iv e n . This w i l l  be 
followed in  p a r t three o f  th is  d is s e r ta t io n  by a more d e ta ile d  
examination o f  the learning process in  the co n tex t o f  CAL.
5 .2  Student Perceptions o f  the Aims o f  the 'POND* Programs
5 .2 .1  Methodology
The students p a r tic ip a tin g  in  th ese  s tu d ie s  were a l l  subjected  to  the
same routine o f  being interview ed b efore and a f t e r  th e ir  use o f  a POND
program. In the post-run  in terv iew  I  asked the qu estion  "What do you
think are the main p o in ts  th a t were brought ou t by the program?".
Their r e p lie s  to  th is  qu estion  were examined by item  a n a ly s is . The
in terv iew  tra n scr ip ts  were examined, the re lev a n t p o in ts  being
underlined and ca tegorised  in  the fo llow ing manner:
"Life in  a pond. How the le v e l s  varied  w ith d if f e r e n t  
anim als, phytoplankton, h erb ivores and f i s h .  W  How they  
varied  i f  you a ltered  th in g& )* (PS:P0ND-2)
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Twenty "main p o in ts" , or program aim s, ( la b e lle d  a-w [s e e  appendix 14])  
were d is tin g u ish ed . These p o in ts  included "nothing" (a) ,  "numbers in  
a pcnd vary" ( h ) , " ' fa c to r s ' a f f e c t  ecosystem" (g ) ,  "to ccm pare/alter  
s t a t i s t ic s "  (1 ) ,  " fin a n c ia l gain" (m), and "problem-solving" ( o ) .
With so  many "main points"  I  thought th a t i t  m ight be more m eaningful 
to  group togeth er s im ila r  p o in ts . S ix  such groupings were o h /io u s .:
Group P o in ts  included in  Group R elationsh ip  o f  po in ts  
No.
1 . a No p o in ts  made fcy program.
2 . b , c , h , i ,  f , s , u , t  Concepts re la ted  to  the
k in e t ic s  o f  the food
pyramid
3 . g , r , d , k , q , e , v , p Concepts r e la ted  to  the
fee  to rs  a ffe c t in g  the
s t a b i l i t y  o f  the ecosystem
4 . l,w Compares s t a t i s t i c s  or
the use o f  graphs & ta b le s
5 . m,v F in a n c ia l.
6 . n ,o Forward planning or
prob lem -solv ing.
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Figure 5 .1 Student percep tion s o f  the aims o f  the POND 
programs
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Fran figu re  5 .1  i t  can be seen  th a t there i s  a change in  the way th a t  
students v iew  the purpose o f  each o f  the four 'POND' programs. POND-2 
and PQND2HELP were viewed in  a very  s im ila r  way to  each o th er , the  
students p lacin g  a s l ig h t  emphasis on the concepts re la ted  to  the 
k in e t ic s  o f  the food pyramid, th a t i s  the " l i f e  in  the pood", rather  
than those p o in ts  which in c lu d e  fee  to r s  a ffec tin g  the s t a b i l i t y  o f  the 
ecosystem . This i s  w e ll exem p lified  fcy the follow ing qu otation s:
"I saw th a t the normal l i f e ,  the natural l i f e  o f  a pond does 
n ot vary much between th e y ea rs , but the e f f e c t s  th a t fish in g  
has on i t  can be q u ite  dram atic, and can change the balance  
o f  l i f e  a l o t .  A lso p o llu t io n  has a major e f f e c t  i n i t i a l l y ,  
but the balance o f  l i f e  r e tu rn s . .
(EW -  POND-2)
"That a l l  the organisms were interdependent o f  each  
o th e r . . .and th a t the f ish in g  ra te  has an e f f e c t  cn the f is h  
population and the numbers o f  herb ivores and phytoplankton in  
the pa id . The phytoplankton, f is h  and h erb ivores reach'an  
equilibrium  w ith  each oth er."
(RC2 -  P0ND2HELP)
The stud en ts' percep tion  o f  PONDQU was s im ila r  to  th a t o f  POND-2 and 
P0ND2HELP. However, the emphasis was cn the fe e  to rs  a ffe c t in g  the  
"balance o f  l i f e "  rather than on the " l i f e  in  the paid".
"Well I  thought, p erso n a lly , nature r e a lly  i s  q u ite  fa n ta s t ic  
a c tu a lly . Everything w i l l  compensate even w ith  man
p o llu tin g  the th ing , the thing w i l l  l iv e . . .T h a t  was the main 
th ing, w e ll  the numbers changed, but in  g en era l kept the  
order."
(CP -  PONDQU)
The most dramatic change to  the . 'POND' programs was in  the d esig n  o f  
PONDGAME. This was a ls o  the program which the stu d en ts viewed q u ite  
d if fe r e n t ly  from the oth er th ree . Here, the purpose was seen  n o t so  
much as to  acquire e c o lo g ic a l concep ts, but th a t o f  making a p r o f i t  
and/or as a problem -solving e x e r c is e . The p resen ta tio n  o f  s im ila r ,  
but n o t id e n t ic a l ,  sim ulation  programs can thus q u ite  d ra m atica lly
(se c t io n  5 .2 .2 )
a f f e c t  how the learning m a ter ia l i s  regarded by the stu d en ts:
"To see  how you were ab le  to  compare the s t a t i s t i c s ,  I  th ink . 
Rather than any b io lo g ic a l  s ig n ifica n ce ."
(JH -  PONDGAME)
"trying to  g e t  to  th ink  in  advan ce..."
(SE -  PONDGAME)
" . . i t  d id n 't  r e a l ly  have anything to  do w ith f i s h  ferming 
r e a l l y . . . I t  made you th ink  about how you could a l t e r  those  
s t a t i s t i c s . . .How you could in f lu e n c e .. . l ik e  the sto ck  and 
p r o f i t s . . . I  looked upon i t  more as a b u sin ess p rep o sitio n  
than a . . .e c o lo g ic a l e x er c ise ."
(CH -  PONDGAME)
I t  thus seems th a t the f i r s t  few l in e s  o f  the in trod u ctory  ex p o sitio n  
provided by the program PONDGAME
"This program i s  a sim ulation  o f  a f is h  fern . You are
required to  find  ou t as much as you can about the eco logy  o f  
the pond you manage."
went unheeded fcy many o f  the s tu d en ts. Greater emphasis seems to  have
been placed on the n ex t l in e  o f  th is  ex p o sitio n :
"However, the farm should make a p r o f it ."
This i s  n o t to  say th a t seme o f  the stud ents d id  n o t see  th is  program 
as being m ainly concerned w ith  pond ecology:
" I t 's  trying to  teach you to  g e t  the r ig h t  amount o f  
herb ivores and plankton for  the f ish ."
(RC1 -  PONDGAME)
But, as m ight now be expected , even th is  student (RC1) appreciated  the  
fin a n c ia l a sp ects  o f  the program:
"Obviously you want the f is h  to  in crease  and g e t  a p r o f i t  on 
the farm .. . to  keep the fishermen happy."
(RC1 -  PONDGAME)'
With th is  emphasis on making a p r o f i t ,  i t  was n ecessary , a s  one o f  the  
students (RC1) sa id , to  keep the numbers o f  f is h  a t  a h ig h  l e v e l .  
However, I  had designed the program so  th a t i t  was n o t p o s s ib le  to  make 
a contin ual p r o f i t .  By removing f is h  by one o f  the two methods 
a v a ila b le  ( f ish in g  and by "harvesting") the f is h  numbers would d e c lin e ,  
and a f t e r  sev era l years a t  the m ost, the p r o f i t  being made would change
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to  a lo s s .  I  thus hoped th a t the students would respond by trying to  
in crease  the numbers o f  f is h  by using th e ir  knowledge o f  hew the 
ecosystem  works, being m otivated by the g o a l o f  making a p r o f i t .
Seme o f  the stud en ts had a n o ticea b le  change o f  g o a l during th e ir  
program run. Four o f  the seven stud ents who used PONDGAME had the 
"profit" as th e ir  on ly  g o a l throughout the program run. The three  
other stu d en ts had a t  l e a s t  one change o f  g o a l throughout th e ir  use o f
the program. One stud en t (JH2) i n i t i a l l y  sta r ted  by wanting to  make a
p r o f i t  t u t  then r e a lise d  th a t he should understand more about the 
ecology:
"I th ink  I  should have done i t  the o ther way round, because by 
the tim e I  g o t  cn to  finding ou t what they were a c tu a lly  
doing o th er  than pressin g  the fun buttons then i t  r e a l ly  was 
too  la te ."
Another stu d en t . (AY) s ta r ted  in  the way th a t JH2 had wished to  s ta r t ,
th a t i s  by studying the e c o lo g ic a l a sp ects  o f  the m odel. ALthough h is
aim changed fron th is  to  wanting to  make a p r o f it ,  th is  aim wasn' t  so
strong as the i n i t i a l  one:
"VJhat l o s t  $400? I  can ' t  see  th a t . Not bothered about th a t
anyway. The f is h  in crea se  anyway."
The th ird  o f  the stud en ts (CH) who changed th e ir  g o a l during th e ir
prog ram-run, s ta r ted  by wanting to  make a p r o f i t ,  then went on to  have .
a look a t  the e c o lo g ic a l a sp ects  o f  the model:
"I d o n 't  know. I  c a n 't  th ink  what to  do r e a l ly .  I  could  
try  f ish in g  again'. The problem i s  to  indrease the s to ck .
And sh o rt o f  n o t doing anything I  d e n 't  see  how you can."
I t  was a t  th is  p o in t o f  despa ra tio n  th a t she made apparent the fe e l in g ,
or understanding, th a t everything in  the pond i s  balanced u n less
e x tr in s ic  fe e  to rs  a f f e c t  th is  equ ilibrium . Once she had r ea lise d
th is ,  her s tr a teg y  became apparent:
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"I suppose I could g e t  r id  o f  the plankton, I  c a n 't  see  the  
advantage o f  th a t a t  a l l . . . I t ' s  a l l  a gam e...I 'm  going to  
reduce the plankton and see  vhat happens. I  haven' t  much 
fa ith  in  i t .  Perhaps they were doing something."
Even though CH was trying here to  see  the e f f e c t  o f  varying a parameter
cn the ecosystem  model, i t  i s  apparent th a t she s t i l l  has in  h er  mind
the d e s ir e  to  make a p r o f i t ,  a p o in t she la te r  made in  the in terv iew :
"I looked upon i t  more as bu sin ess p rep o s itio n  than
a . . . .e c o lo g ic a l ex erc ise ."
A fter  experim enting to  find more about the e c o lo g ic a l model, CH went 
back to  trying to  make a p r o f i t .  .
Another way in  which th is  overrid ing d e s ir e  to  make a p r o f i t  a f f e c t s  
the s tr a te g ie s  th a t the students employ using PONDGAME can be seen in  
the low proportion (19%) o f  the outputs th a t were involved  w ith  seme 
form o f  p o llu t io n  (se e  Figure 5 .2 ) .  Why should the stud en ts choose to  
p o llu te  th e ir  ecosystem? P o llu tio n  k i l l s  --the f i s h  and o th er  pon d-
organisms, and then the p r o f i t  d isappears!
(se c tio n  5 .2 .2 )
Program Percentage o f  the to t a l  outputs concerned with
P o llu tio n Low
P o llu tio n
Moderate
P o llu tio n
High
P o llu tio n
POND-2 41 .3 11 .6 11 .6 18 .0
PONDQU 34.0 10 .4 11 .8 11 .8
PONDGAME 18.8 12.8 3 .8 2 .3
POND2HEIP 28 .4 6 .4 12 .8 9 .2
Figure 5 .2  Percentage o f  outputs involved  w ith  p o llu t io n  for
each o f  the 'POND1 programs
Figure 5 .2  shows th a t although the frequency o f  outputs in vo lv in g  a low  
p o llu tio n  i s  approxim ately the same as for the o th er  'POND' programs, 
i t  d ecreases q u ite  markedly for  the h igh er  le v e l s  o f  p o llu tio n  where a 
marked e f f e c t  cn the various pond organisms, and e s p e c ia l ly  the f is h ,  
could be p red ic ted . ,Carments such as in  the fo llow ing q u otation  
exem plify the stud en ts' a tt itu d e  towards p o llu t io n  when using th is  
program:
"Don't want any o f  that."
(RC1)
-  173 -
(se c t io n  5 .2 .2 )
"Well, i f  you have a choice r e a lly  you d o n 't  r e a lly  want 
p o llu tio n  do you?"
(SE)
"I d o n 't  th ink I ' l l  g iv e  n y s e l f  problem s.. .1 d o n 't  know why 
you ask  th is  q u estion . I'm re lu cta n t to  use i t ."
(CH)
On the oth er hand, for a more complete understanding o f  ecosystem s and 
the adverse e f f e c t  th a t p o llu tio n  can have on the flo r a  and fauna, 
students should be encouraged to  observe the behaviour o f  the model 
when i t  i s  subjected to  p o llu t io n .
I t  seems th a t in  a game s itu a t io n , anything which could a c t  a g a in s t  the  
b e s t  s tra teg y  to  "win" the game w i l l  n o t be used g r e a t ly  even i f  o f  
educational b e n e f it  to  the s tu d en ts. On the o th er  hand, in  the more 
normal sim ulation  programs, the aims or g o a ls  o f  the stud en ts are  
apparently those th a t one would wash a studen t to  have i f  they are to  
obtain  b e n e f it  from using the program.
5 .3  Student -Preferences for  Data P resen tation
5 .3 .1  Introduction
The purpose o f  a graph i s  to  d isp la y  and communicate num erical
inform ation. But what i s  a graph? Jan vier  (1978) has d efin ed  a
graph (or more accu rately  a C artesian graph) as :
". .any grap h ica l rep resen tation  vh ich : makes u se  * o f  two v. 
orthogonal axes -  even im p lic it ly ."
Graphs have evolved over many cen tu r ies  as a means o f  d isp la y in g  data
in  mathematics and s t a t i s t i c s .  I t  i s  a ls o  used in  o th er areas such as
geography, economics and a d v er tis in g .
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B iology, however, has been tr a d it io n a lly  thought o f  as a d e scr ip t iv e  
sc ien ce  rather than a " sc ie n t if ic "  and q u a n tita tiv e  su b jec t. Many 
ad u lts  and ch ild ren , I  suppose, s t i l l  v iew  b io lo g y  today in  th is
tr a d it io n a l v e in , and i t  i s  thus o ften  viewed as a "soft" option  as a
sch oo l su b jec t. However, b io lo g y - during - t h e  l a s t  twenty or th ir t y  
years has evolved from being a study o f  n a tu ra l h is to r y  to  being a 
laboratory-based su b jec t where s k i l l s  in  many s c i e n t i f i c  areas such as  
chem istry, p h y sic s , mathematics and s t a t i s t i c s  are required .
The importance o f  mathematics to  "modem" b io lo g y  i s  v a r ied . I t  i s  
used in  the m odelling o f  b io lo g ic a l  and e c o lo g ic a l system s, in  
s t a t i s t i c s  and in  o th er  to p ic s . As a r e s u lt ,  i t s  in trod uction  to  
ch ild ren  studying b io lo g y  in  sch oo ls should be o f  prime importance to  
the b io logy  teach er. I t  should be introduced in  such a way th a t the 
ch ild ren  are n ot frightened by i t .
Ifeny b io lo g is t s ,  however, are averse to  using mathematics in  th e ir  
b io lo g y . The importance o f  mathematics" to  * b io lo g y  i s  seen by th e  
variou s GCE examining boards who o ften  in c lu d e  q u a n tita tiv e -ty p e  
q u estion s in  th e ir  exam ination papers, e s p e c ia l ly  a t  Advanced l e v e l .  
Dudley (1977) made a study o f  a range o f  m athem atical to p ics  in  GCE 0/L  
and A/L b io lo g y  exam ination p>apers. A t 0 /L  graphs have a 70% 
in c id en ce , a t  A/L a 40% in c id en ce . At 0 /L , a x is  s c a le s  are n o t  
brought in  a t  a l l ,  a t  A/L they have about a 7% in c id en ce . This would 
seem to  in d ic a te  th a t very  l i t t l e  i s  expected by the examiners o f  a 
s tu d en t's  a b i l i t y  to  in te r p r e t  graphs, even a t  A/L. I t  may be th a t  
the h igh er  c o g n itiv e  s k i l l s  o f  graph in te r p r e ta tio n  are n o t required
because i t  i s  r e a lise d  th a t the m ajority  o f  b io lo g y  stu d en ts a t  th is
le v e l  would be unable to  succeed in  th ese  ta sk s .
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Teachers o ften  comment th a t stu d en ts o f  sch ool-age are unable to  
dem onstrate the variou s s k i l l s  used for the in ter p r e ta tio n  o f  graphs. 
Such s k i l l s  m ight be t h e - a b i l i t y  to  s e le c t  s c a le s ,  p lo t  p o in ts , read 
co -o rd in a tes , in te r p r e t  and make p red ic tio n s  from graphs.
Dudley (1977) a ls o  recognised th a t there i s  a d if fe r e n c e  in  the 
emphasis p laced t y  mathematicians and b io lo g is t s  cn the way th a t they  
use graphs:
" It i s  the r e la t io n sh ip  th a t a graph exposes, and e s p e c ia lly  
the equation o f  th a t r e la t io n sh ip , th a t takes the a tte n tio n  
o f  m athem aticians. I t  i s  the "story" th a t the graph t e l l s
th a t takes the a tte n tio n  o f  the b io lo g is t ."
B io lo g is ts  g e n e ra lly  do n o t v iew  graphs as a means o f  expressing  a
mathematical r e la t io n sh ip . Instead , they see  graphs as a means o f
presenting or communicating trends w ith in  th e ir  d a ta .
When graphs are used as a means o f  obtaining inform ation about trends, 
r e la t io n sh ip s  and so  cn, i s  there any evidence concerned w ith  the s t y le  
o f  p resen ta tion  d h a t  stud en ts p refer?  Schutz . (1961) has looked a t  
various methods o f  presenting  graphs, for  example t y  l in e s  and p o in ts ,  
and has found th a t for examining trends and obtain ing gen era l 
inform ation, the m u lt ip le - lin e  graph i s  t y  far the sup erior format for  
the purpose o f  b io lo g ic a l  in te r p r e ta tio n .
Many teachers use d if fe r e n t  co lou rs for the variou s l in e s  on a 
m u ltip le - lin e  graph’. : Recent^mcrocCmputers, such as  the BBC computer 
introduced in to  many sch oo ls  and o th er  educational esta b lish m en ts, a ls o
have th is  f a c i l i t y .  How e f f e c t iv e  i s  the use o f  co lou r  as a means o f
graph c la r if ic a t io n ?  Schutz (1961) studied  the e f fe c t iv e n e s s  o f  four
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d if fe r e n t  co lou rs (red , y e llow , green and purple) for  each l in e  type. 
Although most teachers would admit to  the b e l i e f  th a t co lour a id s  the  
c la r i f ic a t io n  o f  p ic tu re s  and diagrams, S chutz's s tu d ie s  in d ic a te  th a t  
i t  d id  n ot have any profound e f f e c t  i f  compared w ith  a h ig h ly  
d iscrim inab le  b lack and w hite l in e  code. - I f  the l in e  code has been 
le s s  d iscrim in ab le  then the e f f e c t  o f  coloured l in e s  m ight have a more 
profound e f f e c t .  However, Schutz did n o t in v e s t ig a te  t h is .
Reid and M iller  (1980) have carried  ou t more recen t s tu d ie s  on the 
e f f e c t  o f  co lour cn the perception  o f  b io lo g ic a l  p ic tu re s  t y  s tu d en ts. 
A graph can be regarded as a p ic t o r ia l  rep resen tation  o f  num erical data  
and thus can be likened  to  the diagrams used in  b io lo g ic a l  t e x t s .  
Reid and M iller  found th a t a h igh  le v e l  o f  com plexity in  a p ic tu re  w d ll 
lead to  an in h ib it io n  o f  ob servation , and presumably th ere fo re , 
understanding. They a ls o  found th a t co lou r can enhance the  
observation  powers o f  ch ild ren  o f  average a b i l i t y  looking a t  p ic tu re s  
o f  average com plexity . The conclusion  Reid and M iller  came to  was 
th a t co lour i s  • a b le  to  compensate for  a b i l i t y  o i l y  * under c e r ta in  
circum stances when i t  w i l l  prove advantageous for the stu d en t looking  
a t  the diagram or the graph.
Graphs used in  the POND programs have a m u lt ip le - l in e  format. This 
n e c e s s ita te s  the stud en t being ab le  to :
i .  Read the co -ord in a tes o f  a p o in t,
i i .  Read andi in te r p r e t  >the s c a le s  on* th e  .axes, -
i i i .  In terp ret the changes in  decrease or in crea se  in  s lo p e  o f  the  
l in e s  as a change in  population  s iz e ,
i v .  Make comparisons between the behaviour o f  each p op u lation  and 
thus be ab le  to  h yp oth esise  th a t:
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a )  a  r e l a t i o n s h i p  b e t w e e n  c e r t a i n  p o p u l a t i o n s  e x i s t s ,  a n d
b )  t h e  n a t u r e  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  p o p u l a t i o n s  i n  
t h e  e c o s y s t e m ,
v .  H y p o t h e s i s e  t h e  e f f e c t  o f  v a r i o u s  e n v i r o n m e n t a l  f a c t o r s  c x i  
e a c h  o f  t h e  t h r e e  p o p u l a t i o n s  i n  t h e  p c n d  e c o s y s t e m .
5 . 3 . 2  T h e  P r e s e n t a t i o n  o f  N u m e r i c a l  D a t a  b y  t h e  P O N D  P r o g r a m s
I n  t h e  P O N D  p r o g r a m s ,  t h r e e  f e r n s  o f  n u m e r i c a l  d a t a  p r e s e n t a t i o n  a r e  
u s e d .  N a m e l y ,  a  t a b u l a r  o u t p u t  ( F i g u r e  3 . 3 ) ,  a  l o w - r e s o l u t i o n  f o r m  o f  
g r a p h  ( F i g u r e  3 . 2 )  a n d  a  " h i g h " - r e s o l u t i o n  g r a p h  ( F i g u r e  5 . 3 )
Figure 5 .3  Photograph o f  a H igh-R esolution Graph
(se c t io n  5 .3 .2 )
The studen ts are normally g iv en  a ch o ice  in  the POND prog rams between a  
tabular or grap h ica l form o f  data output. The exception  i s  where the  
ecosystem  i s  being p o llu ted  which r e s u lt s  in  the number o f  
phytoplanktcn in creasin g  by a hundred-fold, going o f f - s c a le  cn the  
graph and thus causing the program to  "crash". Whenever p o llu tio n  i s  
chosen, th erefo re , the program autom atica lly  s e le c t s  a tabular mode o f  
data p resen ta tio n .
The d e c is io n  to  use h igh  or  low r eso lu tio n  graphs i s  one which was made 
n o t by any personal p referen ce, but by hardware l im ita t io n s . A "high" 
reso lu tio n  form o f  graph could n ot be included in  the programs u n t i l  
a f t e r  I  had w ritten  and s ta r ted  using PONDGAME, vhen su ita b le  hardware 
became a v a ila b le  for PET microcomputers. I  introduced h ig h -r e so lu t ic n  
graphics to  seme Of the students using PONDGAME during th e ir  post-run  
in terv iew  to  tr y  and ob ta in  seme id ea  as to  how they ccrrpared i t  to  the  
lo w -reso lu tion  graphs they had been presented w ith  during th e ir  program 
run.
Program Type o f  
graph
% preference  
for graph
% outputs 
using graphs
POND-2 LRG 22.2 14 .2
PONDQU LRG 22.2 35 .1
PONDGAME LRG 0 .0  , 16 .0
P0ND2HELP HRG 70.0 64 .2
Figure 5 .4  Use o f  graphs -by stu d en ts using ' the.PQND:programs
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When asked in  th e ir  p ost-ru n  in terv iew  which o f  the two formats, ta b le  
or graphs, they p referred , the studen ts showed a s ig n if ic a n t  d if fe r e n c e  
depending on which program they had used. The stud en ts who had used 
th e programs (POND-2, PONDQU, PONDGAME) which had a ch oice  e ith e r  o f  a 
ta b le  or a lo w -reso lu tion  graph showed a marked preference for  the  
ta b le s . Indeed, those stud en ts who had used PONDGAME had a 100% 
p reference for the ta b le s  or  a reason I  w i l l  demonstrate la t e r .  
Those studen ts who used POND2HEIP had a marked preference (70%) for  the  
h ig h -r eso lu tio n  graph.
During the in terv iew s I  tr ie d  to  a scer ta in  the reasons why studen ts  
lik ed  or d is l ik e d  p a r tic u la r  gra p h ica l p r e se n ta tio n s . The main p o in ts
o f  th e ir  r e p lie s  are shewn in  figu re  5 .5 .
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Graphical Type of Presentation
Reasons for  Frequency Reasons A gainst Frequency
l .S e e  r e la t io n sh ip s ,
V isu a lisa tio n  10 
2 . Inform ation c le a r ly  
presented 4
3 .More compact 1
1 . Confusing 10
2 .Graphical symbols 
(F,H,P) n ot
understood 7
3 . Didn' t  understand
x and y  s c a le s  5
4 .Graph tw isted  through
90 deg rees 4 
5 . Inaccurate 3 
6 .D id n 't understand 
graphs 2
Tabular Type of Presentation
Reasons for  Frequency Reasons A gainst Frequency
1 .Can compare numbers 11
2 .C lear and co n c ise  6
3 .E asier  to  use and 
understand 4
4 . B etter  i l lu s t r a t io n  2
5 .More accurate 2
6 .P refer  to  work out  
something from ta b le s  1
7 .E asier to  memorise 1
8 .F h m iliar  w ith  ta b les  1
9 .Den11 have to  
v is u a l i s e  1
1 .Have to  concentrate  
more 4
2 .Too many fig u re s ,  
confusing 3
3 .C an't see  trends 2
4 .D i f f ic u l t  to  d is t in g u is h  
le v e ls  1
5 . Inaccurate 1
6 .Can't see  r e la t io n sh ip s  1
Figure 5 .5  Student P references and D is lik e s  o f  G raphical and
Tabular Methods o f  Data P resen tation
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The m ajority  o f  the stud en ts saw the ta b les  in  th ese  programs as having 
a number o f  uses or  advantages over the lo w -reso lu tio n  grap h ica l form 
o f  data p resen ta tio n . Their opin ions var ied  from ta b les  being c le a r  
and co n c ise  (6 stu d en ts) to  n o t having to  v is u a l i s e  the data (1 
s tu d e n t) . However, the stud ents saw the f a c i l i t y  o f  being ab le  to  
compare numbers when using the ta b les  as being the most important 
advantage o f  th e ir  use (11 s tu d en ts ) . Graphs, o f  course, are n o t  
intended to  convey e x a c t numbers, but rather trends and r e la t io n sh ip s .
Student view s o f  the lo w -reso lu tio n  graphs were u su a lly  a g a in st the use  
o f  th is  format rather than for  i t s  u se . The main reasons appeared to  
be th a t they were seen  as being confusing because o f  the m u lt ip le - lin e  
format where the "lines"  fo r  each population  are on ly  represented by 
upper-case l e t t e r s  (F ,H ,P ). I n i t i a l l y  th is  means o f  l in e  
rep resen tation  i s  con fu sin g , but w ith sane p r a c tic e  and experience the  
amount o f  confusion  i s  g r e a t ly  reduced.
They a ls o  d is lik e d  the graphs being tw isted  through 90 degrees from the 
"normal" p o s it io n .
Students using the h igh  r e so lu tio n  graphs in  P0ND2HELP had a com pletely  
d if f e r e n t  a t t i tu d e . No mention was made o f  confusion  in  in terp re tin g  
the l in e s ,  which are e a s i ly  d is t in g u ish a b le . The on ly  d i f f i c u l t y  th a t  
seme o f  the stud en ts using th is  program had, and a ls o  the o th er  three  
PCM) programs, concerned the "y-axis" s c a le s .  I t  was n ecessa ry , 
because o f  the m u lt ip le - lin e  format, to  have a separate "y-axis" s c a le  
(se e  figu re  5 .3 )  for  each o f  the three p op u la tion s.
Seme students had d i f f i c u l t y  in  in terp retin g  the data because o f  t h is  
y -a x is  p resen ta tio n . Seme students r e a lis e d  th is ;  o th ers had n ot  
r e a lis e d  th a t they had any d i f f i c u l t y  w ith  th ese  axes, but from the  
post-run  in terv iew s I  su sp ect th a t a con sid erab le  number had been 
reading th ese  s c a le s  in c o r r e c t ly  during th e ir  program runs.
Opinions regarding the advantages o f  using a gra p h ica l farm o f  data  
p resen ta tion  were m ainly concerned w ith  the a b i l i t y  to  see  
r e la t io n sh ip s  and ease  o f  v is u a l is a t io n .  That i s ,  the stu d en ts could  
see  the trends; they could see  the numbers going up and down; they  
could see  one population  increasing ac decreasing ju s t  a f te r  another.
To summarise th ese  r e s u lt s ,  I  would say th a t the m ajority  o f
the students preferred a tabular output rather than a low-resolution
graphical output
f i r s t l y  because the ta b le s  enabled the s iz e s  o f  the pop ulations to  be 
compared, and second ly because the stud en ts are mere fam iliar w ith  
ta b les  and because the lo w -reso lu tio n  graphs were con fu sin g .
With the provision of high-resolution graphics, the body of student 
opinion changed. Most now preferred the graph because the information 
was presented more clearly than in the tables.
I t  i s  a ls o  in ter e st in g  to  n ote  th a t:
the goal of the program can be an influencing factor on the choice of 
data presentation.
Students using PONDGAME a l l  preferred  to  use a tabular method o f  data  
p resen ta tion  because i t  was n ecessary  to  se e  the numbers rather than 
the trends and r e la t io n s h ip s .
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5 .3 .3  Student P references for S c ie n t i f ic  Data P resentation  
5 .3 .3 .1  Introduction
A fter obtaining the r e s u lt s  g iv en  in  5 .3 .2 ,  I  decided to  in v e s t ig a te  
further student p references for, and opin ion o f ,  var iou s forms o f  data  
p resen ta tio n . I  was in te r e ste d  in  determining how GCE A/L sc ie n c e  
studen ts f e l t  about var iou s methods o f  tabular and gra p h ica l forms o f  
data p resen ta tio n .
I  f e l t  here th a t four q u estion s should be answered:
i .  Do a l l  sc ien ce  (b io lo g y , chem istry, and p h ysics) GCE A/L 
stud en ts v iew  th e variou s forms o f  data p resen ta tio n  o ften  
found in  computer outputs in  the same way?
i i .  Do students have the same a tt itu d e  to  s in g le - l in e  and 
m u lt ip le - lin e  graphs?
i i i .  Do students have d if f e r e n t  a tt itu d e s  to  the variou s forms o f  
data p resen ta tion  which depend cn the amount o f  num erical 
inform ation being presented? Bor example, do stud ents  
p refer  a tabular d isp la y  o f  data for both s in g le  and m u ltip le  
s e t s  o f  data?
i v .  How does the method o f  presenting a graph a f f e c t  stud en t 
a tt itu d es?  For example, do they p refer  h ig h -r e so lu t io n  to  
lo w -reso lu tio n  graphs? Continuous l in e s  or " lines" formed t y  
d is c r e te  symbols?
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5 .3 .3 .2  Methodology
The answers to  th ese  q u estion s were sought by means o f  a qu estion naire  
(appendix 15) g iv en  to  a l l  o f  the GCE A/h  students studying p h ysics  and 
b io lo g y  a t  Guildford County C ollege o f  Technology. This sample o f  
stud en ts would in clu d e stu d en ts a ls o  studying chem istry.
The q u estion naire  asked fo r  c e r ta in  personal d e t a i l s  o f  the students  
concerned w ith the courses they were taking. I t  then presented e ig h t  
d if fe r e n t  forms o f  data p r e se n ta tio n . Figures 1 to  4 use a s im ila r  
s in g le  s e t  o f  d a ta . Figure 1 i s  a simple ta b le ; Figure 2 a ty p ic a l  
lo w -reso lu tio n , s in g le - l in e  graph as would be presented  on the 
Commodore PET or  on other p r im itiv e  microcomputers; Figure 3 i s  s im ila r  
to  Figure 2 excep t th a t th e l e t t e r s  representing the p o in ts  o f  the
graph are replaced ty  a c r o s s , and th at the y -a x is  s c a le  rep resen ts
3 3 3numbers/cm rather than numbers x 10 /cm ; Figure 4 i s  a  "normal"
3
s in g le - l in e  graph, t u t  l ik e  Figure 3 the y -a x is  s c a le  i s  numbers/cm . 
Figures 1 and 2 thus rep resen t the same numerical in form ation , whereas 
fig u re s  3 and 4 are rep resen ta tion s o f  data a thousand-fold  le s s  in  
magnitude. Figure 5 to  8 are rep resen tation s o f  an id e n t ic a l  
m u lt ip le - s e t  o f  d a ta . Figure 5 i s  a four-column ta b le ; F igure 6 i s  a 
h ig h -r e so lu tio n  graph orien ted  90 degrees from "normal"; Figure 7 i s  a 
lo w -reso lu tio n  graph a ls o  o r ien ted  90 degrees from "normal", a ls o  the  
p o in ts  o f  the graph are g iv en  t y  upper-case l e t t e r s  as used in  the POND 
programs; Figure 8 i s  a h ig h -r e so lu tio n  graph orien ted  "normally".
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Q uestions A1 to  A10 and B1 to  BIO asked t y  the q u estion n aire  g iv e  the 
student a ch o ice  o f  two forms o f  data p resen tation  and the stu d en ts are  
required to  s e l e c t  th e ir  p referred  form. They are a ls o  asked why they  
have th e ir  c h o ice . Q uestions A ll and A12 and B ll and B12 are  
ccncom ed w ith  determ ining whether or n ot the stud en ts can t e l l  whether 
there are any d if fe r e n c e s  between the four forms o f  data p resen ta tio n , 
and i f  so , what the d if fe r e n c e  i s .
In S ection  C o f  the q u estion n a ire  I  wanted the stu d en ts to  ra te  n o t  
only th e ir  cwn p references for forms o f  data p resen ta tio n  according to  
a 0 (Not a t  a l l )  to  10 (Very h ig h ly ) s c a le , but a ls o  to  im agine how 
other people "(m athem aticians/physicists and ^ b io lo g is t s )  m ight . ra te  
them.
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5 .3 .3 .3  R esu lts
F if ty  q u estion naires were returned. This represented an approximate
return o f  45% o f  those d is tr ib u te d . Student r e p l ie s  were summarised
cn m aster sh e e ts , reasons fo r  p referrin g  p a r tic u la r  forms o f  data
p resen ta tion  were ca teg o rised , the variou s c a te g o r ie s  being a ls o  noted  
cn the q u estion n aires.
The q u estion n aires were separated in to  three groups, the r e s u lt s  o f  
which were recorded sep a ra te ly :
i .  B io lo g is ts  n o t studying p h y sic s ,
i i .  P h y s ic is ts  n o t studying b io lo g y ,
i i i .  B io lo g is ts  studying p h y sic s .
-  187 -
(se c t io n  5 .3 .3 .3 )
S in g le - s e t  d ata  p resen ta tio n s B iology
only
Physics
only
B iology  
+ P h ysics
Table v .  LRG 
Table v .  HRG (point) 
Table v .  HRG ( lin e )  
LRG v .  HRG (point) 
HRG v .  HRG ( lin e )
11-4  
10-5 * 
4-10  
1-11*  
1-13*
15-5
13-7
5-15
2-18
3-17
11-4
7-8
3-12
1-14
1-14
M u ltip le -se t  d ata  p resen ta tio n s
Table v .  HRG (tw isted  90'")
Table v .  LRG
Table v .  HRG (normal)
HRG v .  LRG 
(tw isted )
LRG v .  HRG (normal)
10-5
15-0*
5-9*
13-0
*
0-14
11-9
20-0
5-15
20-0
1-19
8-7
14-1  
4-11
15-0
2-13
rk
stu d en ts undecided account fo r  d iscrepancy in  numbers
fig u re  5 .6  Student p referen ces for forms o f  d ata  p resen ta tion
rating
v a lu e
No. stud en ts rating methods o f  
data p resen tation
Low res  .graph High r e s . graph Table
0 "Not a t  a ll" 19 0 0
1 12 1 0
2 6 0 0
3 3 1 4
4 2 2 4
5 3 1 1
6 2 3 4
7 1 3 5
8 0 9 6
9 0 14 8
10 "Very highly" 1 13 7
Figure 5 .7  Rating o f  forms o f  data p resen ta tio n  by GGE A/L
students
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The stud ents d id  n o t see  low r eso lu tio n  graphs to  be o f  very much use, 
vhereas both o f  the other forms o f  data p resen ta tion  vere rated very  
s im ila r ly  as being very  h ig h ly  u se fu l.
From Figure 5 .6  i t  can be seen th a t fo r  both s in g le  and m u ltip le  s e t s  
o f  d ata , ta b les  were preferred by the m ajority  o f  the stu d en ts, except 
when a "normal" h ig h -reso lu tio n  graph was provided. The main reasons 
for  th is  p referen ce for  ta b les  were concerned w ith  accuracy and 
c la r i t y .  However, when the ta b les  and h ig h -r e so lu tio n  graphs were 
compared by the stu d en ts, the main reasons g iven  for preferrin g  the 
la t t e r  form o f  p resen ta tion  were th a t i t  was e a s ie r  to  see  the trends 
and r e la t io n sh ip s , to  compare d ata , and to  understand the data  because 
o f  i t s  c la r i t y .  This fe e lin g  was even stron ger for  the graphs showing 
m u ltip le  s e t s  o f  d a ta .
Low -resolutich graphs, o th er oth er hand, were very  ra re ly  preferred  as  
a form o f  data p resen ta tio n . Often the stu d en ts referred  to  th ese  
graphs as being "jumbled mass o f  pxaints" fo r  example. ' The o th er  p o in t  
o ften  made by the stud en ts concerned th e ir  inaccuracy, for  example:
"The p o in t  B could g iv e  a reading in  an area around the B, 
th a t i s  there i s  no p rec ise  v a lu e  u n lik e  fig u re  1 vhere a 
graph could be p lo tted  and v a lu es  a ccu ra te ly  taken."
(se c tio n  5 .3 .3 .3 )
There appears to  be very  l i t t l e  d if fe r e n c e  in  opin ion  o f  students who 
stud ied  b io logy  (but n o t p h y s ic s ) , and those studying p h ysics  (but n o t  
b io lo g y ) . However, vhen one group o f  stu d en ts p red icted  how u se fu l  
the various forms o f  data p resen ta tio n  m ight be to  a 
m ath em atician /p hysicist and to  a b io lo g is t ,  seme m ild ly  in te r e s t in g  
r e s u lt s  became apparent, e s p e c ia l ly  w ith  the p h ysics  s tu d en ts . Figure 
5 .8 a , for  example, shows th a t the p h y sic s  group o f  students b e lie v e  
th a t the low reso lu tio n  form o f  graph would be o f  very  l i t t l e  use to  a 
p h y s ic is t .  The spread o f  opin ion was much wider for  th e ir  use to  a  
b io lo g is t ,  seme students g iv in g  a ra tin g  va lu e  o f  9 (alm ost "very 
highly" ra ted ). This trend i s  a ls o  to  be seen in  Figure 5 .8b , but in  
rev erse . Here the p h ysics group o f  stu d en ts see  b io lo g is t s  having  
le s s  use for a h ig h -r e so lu tio n  graph than xdo rm ath em atician /ph ysicists  ; .
The a b i l i t y  ; o f  stu d en ts . to  understand and in te r p r e t  num erical 
inform ation i s  im portant. The stu d en ts were asked on the  
qu estion naire to  d is t in g u ish  which forms o f  data p resen ta tio n  are  
d if fe r e n t  from the o th ers . This y ie ld e d  in te r e s t in g , but n o t r e a l ly  
unexpected, r e s u lt s .  I t  was found th a t o n ly  30% o f  the p h y sics  group  
o f  students were ab le  to  g iv e  the c o r r e c t  answers, and on ly  13.3% o f  
the b io logy  group.
-  190 -
(se c tio n  5 .3 .3 .3 )
(A) U SE OF LRG
PHYSICS STUDENT OPINIONS
X--------X FOR MATHEMATICIANS
o-------- o FOR Bl OLOGI STS
to
u- 2  •
Figure 5 .8 a  Student p ercep tion s o f  the use o f  lo w -reso lu ticn
graphs
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Figure 5 . 8 b S t u d e n t  p ercep tion s o f  the use o f  h ig h -r e so lu t ic n
graphs
(se c t io n  5 .3 .4 )
5 .3 .4  Recannendaticns for  data p resen tation  in  CAL programs
Ccmputer A ssisted  Learning la r g e ly  depends on the sy n th es is  o f  
numerical data fcy the computer and i t s  p resen ta tion  t y  the program, v ia  
the computer, to  the s tu d en ts . To obtain  the maximum education al ga in  
from the program, the stu d en ts must be fa m ilia r  w ith the form o f  
p resen ta tion  o f  the num erical inform ation, whether i t  be a ta b le , a 
p ie -c h a r t, a histogram , a graph e t c .  Indeed, the students need n o t  
only to  be fam iliar  w ith  th ese  forms o f  data p resen ta tio n , but a ls o  
need to  be adept a t  obta in in g  the inform ation im p lic it  in  th a t d a ta .
In producing a GAL program, "the author must be guided by a number Of 
important factors concerning the presentation of the numerical data, 
namely:
i. The students for whom the program is designed,
ii. The hardware bn which the program' will run .since this may,. _ .
only allow, for example, the poorly regarded low-resolution 
graphics,
iii. The purpose of the data, for example, whether it is
intended for numerical manipulation or as a means of
communicating information?
The choice of data presentation where the student is to he 1 informed” 
may he left, within certain limitations, to the student using the 
program. The student can then choose the style of presentation that 
they prefer and from which they helieve they can obtain the most^ : • 
information.
Such a choice o f  s t y le  o f  data p resen ta tio n  may be a ffe c te d  fcy a 
stu d en t's  previous education  and tra in in g  as w e ll  as by the d es ig n , 
say, o f  the graph or o f  th e ta b le  o f  r e s u lt s .
-  191 -
5 .4  Development o f  the Food Pyramid Concept: I n i t i a l  Findings
In sec tio n  5 .3  I  looked a t  the p resen ta tion  o f  data on the VDU. In 
th is  se c t io n  I  want to  look  a t  the e f f e c t  o f  programs on co g n itio n . 
C ognition, understanding the behaviour o f  the sim ulation  model should  
r e s u lt  from viewing the d ata  presented on the VDU. I  want to  look a t  
the d e f in it io n s  and examples o f  food pyramids g iv en  t y  the students  
p a r tic ip a tin g  in  th ese  s tu d ie s  before and a f t e r  the program run. This 
c o n s t itu te s  a prelim inary in v e s t ig a t io n  o f  the development o f  the  
concept "food pyramid" and how th is  developm ental process may vary w ith  
program stru ctu re .
The students were asked to  provide a d e f in it io n  o f  a food pyramid in  
th e ir  in terv iew s before and a f t e r  using a POND program. The 
d e f in it io n s  were exam ined:...........
i )  t y  looking for  s p e c if ic  concepts subsumed under the concept "food 
pyramid". Here I  e l i c i t e d  fourteen concepts which the students  
appeared to  have developed.
i i )  t y  ca teg o ris in g  the fourteen concepts e l i c i t e d  as describ ed  in  ( i )  
in to  groups o f  s im ila r  b e l i e f s .  Ihe concepts were assign ed  to  
one o f  seven such groups:
A. No d e f in it io n  provided.
B. A gen eral food chain .
C. A s p e c if ic  food chain .
D. An idea o f  a dynamic ecosystem  ( th a t i s ,  the numbers o f  a 
p a rticu la r  population  are determined t y  o th er  p op u la tion s in  
the ecosystem ).
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E. Somehow numbers are involved (may be ju s t  a statem ent o f  
pop ulation  s iz e  -  but no mention o f  a dynamic system ).
F. Represents a "need fo r  food".
G. Energy in vo lved .
I t  was t y  t h i s  second method th a t I  achieved most su ccess  in  th a t i t  
was e a s ie r  to  ca te g o r ise  the nature o f  the conceptual understanding 
shown t y  the stu d en ts' d e f in it io n s .  The d e f in it io n s  provided t y  the  
students o fte n  d id n 't  show a n y . s p e c if ic ,  e a sy -to -d escr ib e  conceptual 
understanding. I t  was however, p o s s ib le  to  see  w ith in  the s tu d en t's  
d e f in it io n s  id ea s  being made e x p l i c i t  in  a rather poor way. For 
example:
" I t 's  th e way anim als feed on each oth er?  and th e - tr a n sfe r  o f  " 
energy downwards. I t  g o es  upwards 1 I t  g o es  from the
phytop lank ton upwards^ ^  So the most i s  a t  the bottom and the  
l e a s t  a t  the top." (AB) '
In th is  attem pt a t  a d e f in it io n , the student i s  conveying the id ea  :
i .  th a t  the anim als feed on each other [1 ] ,  and
i i . th ere  i s  a food chain (o f  anim als) through which t h i s . energy ■ 
i s  transferred  [2 ]  -  the phytoplankton being a t  the base o f  
the food pyramid.
I  have sa id , for  example for th is  d e f in it io n  provided t y  AB, th a t the  
student was try ing to  p resen t a g en era l d escr ip tio n  o f  a food chain  
(group B c o n c ep ts ), th a t energy i s  involved in  the food pyramid (group 
G concepts) and a ls o  trying to  put over the idea  th a t somehow numbers 
are involved  in  the food pyramid (group E co n cep ts ). In o th er  words,
I have n o t thought i t  n ecessary  to  provide an e x p l i c i t  and accurate  
d e scr ip tio n , but m erely to  pu t forward sane idea  o f  what I  b e liev ed  the  
student to  be trying to  say . By attem pting to  determ ine the g en era l 
id eas rather than s p e c if ic  con cep ts. I hoped to  g e t  a more v a lid  
overview o f  what the students b e liev ed  a food pyramid to  b e . For, a s
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one stud en t sa id :
"I have g o t  a p ic tu re  o f  i t  in  my mind, but p u ttin g  i t  in to  
vords i s  d i f f i c u l t ."  (SA)
Program N o .o f  
students
Percentage o f  students ex h ib itin g  
a Conceptual Group
Before program run A fter program run
A B C D E F G A B C D E F G
POND-2 9 22 78 0 0 0 0 11 11 78 11 11 33 0 0
PONDQ 9 44 56 0 0 11 0 0 11 78 0 11 44 11 11
PONDGAME 7 14 86 0 0 29 0 0 0 100 0 0 57 0 14
P0ND2HEIP 10 0 50 20 0 20 10 10 0 90 0 0 60 10 0
ALL POND
Programs 35 20 66 6 0 14 3 6
: -1
6 86 3 6 49 6 6
i
Figure 5 .9  Conceptual understanding o f  the concept "Food
Pyramid" and i t s  development using the POND 
programs
An a lte r n a t iv e , and perhaps more f r u it fu l  vas o f  rep resen ting  a 
stu d en t's  a b i l i t y ,  in  terms o f  a d e f in it io n  th a t th ey  p rov id e, m ight be 
to  sumnarise th e ir  d e f in it io n  according to  a h ie r a r c h ic a l ordering o f  
the conceptual statem ents showing increasin g le v e l s  o f  understanding o f  
the superordinate concept "food pyramid". I  b e lie v e  th a t  th ere are  
e ig h t  l e v e l s  o f  understanding vfoich I  have described  below, and which I 
have used to  fo llo w  a stu d en t1 s  development through using a POND 
program:
(se c tio n  5 .4 )
0 . A d e f in it io n  could n o t be provided.
1 . Includes the concept "a need for  food", or  " involves
numbers", or a " involves a tra n sfer  o f  energy".
2 . Includes a s p e c if ic  example o f  a food chain .
3 . Includes a gen era l exarrple o f  a food chain .
4 . Includes a s p e c if ic  example o f  a food chain togeth er  w ith
sane conception o f  population  s i z e s .
5 . Includes a gen era l example o f  a food chain togeth er  w ith  some 
ccnception  o f  population  s i z e s .
6 . Includes a s p e c if ic  example o f  a food chain togeth er  w ith  an 
app reciation  o f  the dynamics o f  the in te r r e la t io n sh ip s  o f  the  
variou s organisms w ith in  the ecosystem .
7 . Includes a gen era l example o f  a food chain togeth er w ith  an 
app reciation  o f  the dynamics o f  the in te r r e la t io n sh ip s  o f  the  
variou s organisms w ith in  the ecosystem .
L evel o f  understanding
a fte r before program run t o t a l  a f t e r
prog.run 0 1 2 3 4 5 6 7 run
0 2 0 0 0 0 0 0 0 2
1 1 1 0 0 0 0 0 0 2
2 0 0 0 0 0 0 0 0 0
3 2 1 2 8 0 0 0 0 13
4 0 0 0 1 0 0 0 0 1
5 1 0 1 8 0 5 0 0 15
6 0 0 0 0 0 0 0 0 0
7 1 0 0 1 0 0 0 0 1
to t a l
before
run
7 2 3 18 0 5 0 0
Figure 5 .10 Frequency o f  stu d en ts a each le v e l  o f  
understanding o f  the food pyramid concept b efore  
and a f te r  using a POND program
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Figure 5 .10  shows th a t on ly  three students used a s p e c if ic  example o f  a 
food chain rather than a gen era l example. This i s  n ot unexpected 
s in c e  when providing a d e f in it io n  stud en ts are taught to  express 
them selves in  gen era l rather than p e c i f ic  terms. I t  i s  on ly  vhen a  
stud en t h a s ‘d i f f i c u l t y  in  g en era lis in g  th a t they w i l l  rev ert to  a more 
sim ple s p e c if ic  example to  express th e ir  understanding o f  a concept.
There was a d i s t in c t  s h i f t  in  the le v e l  o f  understanding a f t e r  the  
studen ts had used the POND programs. More stud ents had the conception  
th a t numbers were en ta iled  w ith in  the food pyramid concept t y  using the  
programs than had before use o f  the program. I h is  i s  probably because 
the POND programs are concerned w ith  the num erical changes in  the  
populations in  the pond ecosystem . However, th ere was a surprisin g  
lack  o f  reco gn ition  t y  the students o f  the dynamics o f  the ecosystem  
model and i t s  involvem ent in  the food pyramid concept.
Fran Figure 5 .1 0  i t  can a ls o  be seen th a t the stud en ts vfoo "made most 
use o f  the program" were those vho a lread y had sane understanding o f  
the concept "food pyramid". Of the e igh teen  studen ts viho s ta r ted  w ith  
a le v e l  3 understanding, ten progressed to  a h igh er  le v e l :  one to  l e v e l  
4 , e ig h t  to  le v e l  5 and one to  le v e l  7 . I t  can be sa id  th a t those  
seven stud ents vho were n o t i n i t i a l l y  a b le  to  provide a d e f in it io n  
( le v e l  0 ) ,  a ls o  made good use o f  the programs in  th a t they enabled f iv e  
o f  them to  provide a d e f in it io n  and thus e x h ib it  seme le v e l  o f  
understanding, one student exh ib ited  a l e v e l  7 understanding a f t e r  the  
program ru n ). No students showed a lower le v e l  o f  understanding a f t e r  
using the POND programs.
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I t  can thus be seen t h a t , ju s t  frcm the d e f in it io n s  provided during the  
pre- and post-run  in terv iew s, stud ents shewed an in crea se  in  knowledge 
and understanding o f  the superordinate concept "food pyramid".
Whether or  n ot the POND programs had f a c i l i t a t e d  th is  increased
understanding t y  a "transfer" o f  knowledge through the Student-CAL 
in ter a c tio n  must have an elem ent o f  doubt based on the evidence  
presented h ere . I t  may be th a t using the POND programs m erely brings  
to  the fo refro n t knowledge vhich  a stud en t has p rev io u sly  acquired but 
could n o t remember or make e x p l i c i t .  However, in  p a rt th ree o f  th is  
d is s e r ta t io n  I hope to  p resen t evidence to  show th a t a "transfer" o f  
knowledge does occur through the Student-CAL in te r a c t io n . Hence the
v a l id i t y  o f  using the phrase Computer-Assisted Learning 1
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5 .5  Student Views o f  Teaching the Concept "Food Pyramid"
"Imagine th a t you are a teacher who has to  g iv e  a s e r ie s  o f  
le sso n s  in  eco logy . How would you exp la in  a 1 food pyramid1 
to  the students?"
This qu estion  was asked during the in terv iew s before and a f t e r  a 
stu d en t's  program run. I t  i s  a  q u estion  concerned m ainly w ith  hew the  
stud en ts would expla in  a food pyramid. However, i t  i s  a ls o  a qu estion  
which resu lted  in  an a lte r n a t iv e  explanation  or d e f in it io n  o f  the food 
pyramid concept being provided. However, in  th is  s e c t io n  I  am 
concerned w ith r e s tr ic t in g  my comments to  "how" the stu d en ts would 
exp la in  th is  superordinate concept i f  they were teach ers.
From the r e p lie s  o f  the 35 stu d en ts who used the POND programs, 15 
d if fe r e n t  recommended methods for  teaching th e concept were apparent. 
The frequency a t  which the stud en ts recommended each o f  th e  methods 
b efore and a f t e r  th e ir  prog ram-run i s  shown in  fig u re  5 .1 1 .
The data shown in  fig u re  5 .1 1 , although somewhat in te r e s t in g  to  
contem plate in  i t s e l f ,  can be made more m eaningful, I  b e lie v e , i f  i t  
reduced in  i t s  com plexity . There seems to  be two very  d i s t in c t  
methods o f  teaching the students are  recommending the food pyramid
concept to  be taught. The f i r s t  method does n o t in v o lv e  stu d en t
a c t iv i t y  o th er than lis te n in g  to  a teacher and understanding the  
inform ation th a t the teacher i s  trying to  convey. As for  as the
stud en ts are concerned, th ese  teaching methods are  "passive" ones in  
the tr a d it io n a l v e in  o f  " ta lk  and chalk", th a t i s  the d id a c t ic  
approach. The second method in v o lv es  a g r e a te r  degree o f  stu d en t  
p a r tic ip a tio n . ' The teaching ’methods are  "active" as  far  as the
stud en ts are concerned. The process i s  l e s s  tea ch er-o r ien ted .
-  198 -
(se c tio n  5 .5 )
Percentag e  frequency o f  reccnmenc a tio n
Teaching POND-2 PONDQU PONDGAME POND2HELP ALL
Method* B A B A B A B A B A
1 80 44 60 44 -^83 29 69 43 69 43
2 40 22 0 0 0 14 10 20 12 14
3 60 33 20 33 17 29 50 20 38 29
4 20 22 20 22 50 43 50 40 38 31
5 0 0 20 0 0 0 20 40 12 11
6 0 0 20 22 0 14 0 10 4 11
7 0 0 20 0 0 0 0 0 4 0
8 0 0 20 -/ 0 i 17 0 20, 10 3,5- 3 .
9 0 11 0 ! v_> 0 .33 < 0 ,0 , ,0 - 8 ... 3
10 0 22 0 22 0 43 10 30 4 ~ 29
11 0 22 0 11 0 0 0 30 0 17
12 0 0 0 11 0 29 0 0 0 9
13 0 0 0 22 0 0 10 0 4 6
14 0 0 0 0 17 0 0 0 4 0
15 0 0 0 0 0 0 10 10 4 3
* Key to teaching methods:
1 . Use examples
2 . D escribe organism s.
3 . D escribe feeding h a b its .
4 . Give food webs, draw 
diagram s.
5 . Give numbers in  a g iven  
ecosystem .
6 . Explain vhy numbers are so
7 . Explain how "nature" 
c o n tro ls  l i f e .
8 . L et stud en ts draw i t ,  
w rite  examples.
9 . Give a gen era l to  s p e c if ic  
d e sc r ip t io n .
1 0 .Let stud en t do f ie ld  work
1 1 .Use POND programs as an 
e x e r c ise .
1 2 .Only use POND programs.
1 3 .Students to  work o u t how
. numbers are c o n tr o lle d .
1 4 .Ask students to  in trod uce new 
id e a s .
1 5 .Let students ask  q u estio n s.
Note: 'B' = b efore program run. 
'A' = a f t e r  program run.
Figure 5.11 Student reccmnendaticns a s  to  how they would teach  
the concept "food pyramid"
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Teaching methods 1, 2, 3, 4 , 5 , 6 , 7 and 9 I have assigned  as "passive" 
methods. Methods 8 , 10, 11, 12, 13 14 and 15 I  have assigned as  
"active" teaching methods. I t  i s  in te r e st in g  n o t on ly  to  note how 
stud en ts norm ally v iew  teach ing , but a ls o  how th e ir  opin ion  can change 
a f t e r  p a r tic ip a tin g  in  an a c t iv e  method, for  example, by using a CAL 
program.
Percentage o f  studen 
a p a r tic u la r  type o i
its  recommending a 
: teaching method
MEAN 
BEFORE (N=26)
MEAN 
AFTER (N=35)
P a ssiv e  methods 
A ctiv e  methods
23.1
4 .4
16 .8
9 .4
Figure 5 .12 D ifferen ce  in  proportion o f  stu d en ts reccnmendinq 
p assiv e  and a c t iv e  s t y le s  o f  teaching for  th e food 
pyramid concept
Although th ere i s  n o t much o f  a decrease in  the proportion o f  stud en ts  
reccmnending the variou s p a ss iv e  methods o f  lea rn in g , i t  i s  in te r e s t in g  
to  n o te  th a t there was an in crease  in  the proportion o f  stu d en ts vho 
recommended a c t iv e  methods o f  learning a f t e r  using the POND programs. 
The stud en ts o ften  se e  th e  n e c e s s ity  for th e ir  p a r t ic ip a t io n  in  the  
teach in g /learn in g  p rocess, a s  the follow ing three q u otation s show:
" . .  .h o p efu lly  they would see  i t  rather than me a c tu a lly  t e l l  
then." (CP:PONDQU)
"I would demonstrate something about i t . . .g e tt in g  them to  do 
something p h y sica l or make them th ink and n o t have p a ss iv e  
lea rn in g ." (SArPONDQLJ)
" It was good fun, y e s . Because then i t ' s  n o t j u s t  reading i t  
and learning i t .  You can a c tu a lly  go  and use what you have  
lea rn t."  (HS:PONDGAME)
There was no g r e a t  d if fe r e n c e  in  th ese  fin d in gs when a l l  four o f  th e
POND programs were compared as shown in  fig u re  5 .1 3 .
It would this seem that it was the use of a fofm of learning in which 
the students were compelled, by the very nature of the Student-CAL 
interaction, to be active, that influenced about how the food pyramid 
concept should be taught.
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Percentage o f  stud en ts recarmending a 
a p a r tic u la r  type o f  teaching method
POND-2 PONDQU PONDGAME POND2HELP
B A B A B A B A
25 17 20 15 23 16 24 23
0 6 3 9 5 10 7 11
P a ss iv e  methods 
A ctiv e  methods
Figure 5 .13 Comparison o f  the PCM) programs in  r e la t io n  to  the  
proportions o f  p a ss iv e  and a c t iv e  teaching methods 
recannended toy the students
5 .6  C onclusions and carments
In th is  chapter I  have tr ie d  to  show variou s a sp ects  concerning hcw the  
POND programs might be e f f e c t iv e  as a teaching medium. Even though 
CAL programs may be based on the same m athenatica l assumptions and 
th erefo re  s im ila r  sim ulation  m odels, the s tru c tu re  o f  the program and 
a d d itio n a l t e x t  and qu estion s can in flu en ce  g r e a t ly  how stud en ts view  
the g o a l o f  the learning e x e r c is e . These can be regarded as 
" in terfer in g  factors" (Markova [1 9 8 2 ]) . Factors such as the nature o f  
prem ises, the emotions and b e l ie f s  o f  the stu d en ts , a l l  o f  which can 
a f f e c t  the use o f  the program t y  a stu d en t and thus vhat i s  obtained, 
in  terms o f  knowledge and understanding, by the stud ents using the  
programs.
-  202 -
(se c t io n  5 .6 )
I t  i s  n o t  on ly  the stru ctu re  o f  th e program th a t can p la y  a s ig n if ic a n t  
p a r t in  th e e ffe c t iv e n e s s  o f  a CAL program, but a ls o  the way in  which 
the num erical inform ation i s  p resen ted . Without being a b le  to
understand the method o f  data p resen ta tio n , and being a b le  to  in ter p r e t  
the d ata  c o r r e c tly , errors w i l l  be made in  the formation o f  
p ro p o sitio n s  and thus in  the formation o f  a s tu d en t's  conceptual 
str u c tu r e .
The form ation o f  a co rrect conceptual s tru c tu re , although o ften
incom plete fo r  the food pyramid concept, was demonstrated t y  th e usual
imprcv orient o f  the d e f in it io n s  g iv en  t y  the stud en ts b efore  and a f te r
th e ir  u se  o f  the POND program. In many ways t h is  method for
determ ining a " le v e l o f  understanding" o f  the superordinate concept i s  
in  the v e in  o f  the tr a d it io n a l p re- and p o s t - t e s t  method for  
ev a lu a tio n . I t  d id  shew, however, th a t many o f  the stu d en ts shewed an 
increased  l e v e l  o f  understanding, and th a t no stu d en t had a lower le v e l  
o f  understanding follow ing th e ir  prog ram-run. The POND programs had, 
th ere fo re , in  tr a d it io n a l term s, u su a lly  been an e f f e c t iv e  means t y  
which stud en ts had increased th e ir  understanding o f  the ecosystem  
model. Not on ly  had they increased  th e ir  le v e l  o f  understanding o f  
ecosystem s, but they had a change o f  v iew  o f  how teaching such a 
concept should be managed. There was a tendency to  recommend more 
"active" methods o f  teaching fo llow ing  th e ir  use o f  the CAL program.
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In p a rt two I  showed sane o f  th e e f f e c t s  cn learning th a t were pranoted  
t y  a sim ulation  model used w ith in  four d if fe r e n t  types o f  program 
stru c tu re . P art three o f  t h is  d is s e r ta t io n  i s  concerned w ith  
examining, in  d e t a i l ,  variou s a sp ec ts  o f  concept formation promoted t y  
the POND programs. : The a sp e c ts  o f  concept learning th a t I  want to
consider are concerned w ith:
(a) the rep resen tation  o f  learning using concept maps, 
h ie r a rc h ica l stru ctu res  (chapter 7) and my " In teraction  Model" o f  
learning (chapter 8 );
(b) examining the forms o f  concept learn in g , e s p e c ia lly  th ose  
concerned w ith cau sa l ex p lan ation s, promoted t y  the POND programs 
(chapter 9 );
(c) examining whether seme o f  the c o g n itiv e  a c t i v i t i e s  promoted 
t y  the POND programs, vh ich  are  a form o f  sc ie n c e  sim ulation  
program, are a form o f  s c i e n t i f i c  a c t iv i t y  (chapter 1 0 ) .
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In chapters 7 ,8  and 9 , I  tr y  to  d escr ib e  the development o f  a su ita b ly  
d e ta ile d  and accurate means o f  representing the student-CAL in te r a c tio n  
and concept formation. The subsequent a n a ly s is  o f  the p ro to co ls  o f  
student program runs enabled a very  e x p l i c i t  d e scr ip tio n  o f  th e e f f e c t  
o f  program stru ctu re  on co g n itio n  to  be provided.
The s im ila r ity  between concepts and hypotheses, concept formation and 
s c i e n t i f i c  methodology i s  a marked one. S c ie n t i f ic  methodology and 
s c i e n t i f i c  hypotheses rep resen t sp e c ia l su b sets  o f  concept formation  
and concepts r e sp e c t iv e ly , having evolved from man's "normal" c o g n it iv e  
a b i l i t y  to  understand the world in  vhidh h e  l i v e s .  K e lly 's  n o tio n  o f  
"Man the S c ien tist"  a ls o  recogn ises th is  s im ila r ity . In chapter 10, 
I  look a t  P e ir c e 's  n o tion  o f  s c i e n t i f i c  method and how th is  r e la te s  to  
the co g n itiv e  events th a t  I  have described  elsew here. Here th e  
importance o f  su rp risin g  even ts in  in i t ia t in g  learning and s c i e n t i f i c  
d iscovery  i s  d escr ib ed .
The variou s d e scr ip t io n s  o f  learn ing provided thus for in  t h is  
d is s e r ta t io n  have, in  the main, n o t been re la ted  to  any o th er  s tu d ie s  
o f  learn in g . . In chapter 10, having shovn th a t th ere a re  many 
s im ila r i t ie s  between concept learn ing resu lt in g  frcm the student-CAL. 
in ter a c tio n  and P e ir c e 's  theory o f  s c i e n t i f i c  methodology, I  compare my 
fin d in gs w ith those o f  two oth er p eop le  -  Ference Marten and R osalind  
D river.
Marton's fin d in gs concerned w ith the approach students adopt vfoen in  a 
learning s itu a t io n  has much vhich can be app lied  to  s tu d ies  o f  CAL. 
Meaningful learning should r e s u lt  when a "deep approach" i s  adopted. 
The t r iv ia l  use o f  a  CAL program does n o t u su a lly  lead to  m eaningful 
learning and a thorough in terp re ta tio n  o f  the behaviour o f  the  
sim ulation  model.
Rosalind D river's  work has been concerned w ith  the a lte r n a t iv e  
conceptions th a t p u p ils  develop  in  a learn ing s itu a t io n , e s p e c ia l ly  
those concerned w ith  th e development o f  s c i e n t i f i c  con cep ts. She has  
likened  the a c t i v i t i e s  o f  p u p ils  to  those o f  a s c i e n t i s t  and recogn ises  
the importance o f  su rp risin g  data in  the in i t ia t io n  o f  the learn ing  
p ro cess . A comparison i s  made in  chapter 10 o f  th is  d is s e r ta t io n  
between my fin d in gs for  stud en ts using the POND programs and D r iv er 's  
fin d in gs or  young ch ild ren  in  h e  sc ien ce  classroom .
-  206 -
Chapter 6 
The Nature o f  Conceptual Knowledge;
I t s  A cq u is itio n  and R epresentation
6 .1  Introduction
In th is  chapter I  in tend  to  look  a t  the nature o f  con cep ts, seme 
important th eo r ie s  o f  conceptual a c q u is it io n  and exchange, and th eo r ie s  
o f  the way knowledge m ight be structured in  the mind. This w i l l  
provide a background to  the major p a r t o f  th ese  s tu d ie s , th a t i s ,  to  
the nature o f  the learn ing p rocess and how to  rep resen t th ese  
p r o c esses .
Kant (1781) m aintained th a t;
" a ll  our knowledge begins w ith  experience, (however) i t  does  
n o t fo llo w  th a t i t  a l l  a r is e s  ou t o f  experience."
According to  K ant/-two forms o f  knowledge can be d is tin g u ish e d ; ’ 1
a) A p o s te r io r i  knowledge; a form o f  knowledge th a t i s  formed 
through the sen se s . The Latin d er iv a tio n  o f  th is  phrase summarises 
how th is  knowledge i s  formed -  "from vhat comes a f t e r  (se e in g )" , th a t  
i s ,  i t  i s  formed t y  in d u c tiv e  p rocesses from e f f e c t  to  cau se.
b) A p r io r i  knowledge; a form o f  knowledge th a t i s  created  t y  
d ed u ctive  reasoning, th a t  i s  from cause to  e f f e c t .  The Latin  
d er iv a tio n  o f  th is  phrase means "from vhat i s  before" . This form o f  
knowledge does n o t n e c e s s a r ily  in v o lv e  any sensory ex p erien ces, i t  i s  
"supplied t y  the mind in  the a c t  o f  knowing" (Iferkova, 1982). A 
p r io r i knowledge i s  sa id  to  have u n iv ersa l, or g en era l, v a l id i t y .
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Complex id ea s  are produced as a r e s u lt  o f  th e  mind considering  
inform ation provided by th e sen se s . I t  was Kant who f i r s t  coined the  
term "concept" to  d escr ib e  such id e a s .
In th e ca se  o f  a  p o s te r io r i  knowledge, concepts a re  formed t y  
experience; in  the case  o f  a  p r io r i  knowledge, concepts are  products o f  
the mind app lied  to  o b jec ts  as we know them, we on ly  have knowledge o f  
appearances.
During the l a s t  twenty o r  th ir ty  years le s s  emphasis has been placed on 
teachers providing fa c ts  and th e o r ie s . Instead , teachers have been 
persuaded to  teach con cep ts. Facts and concepts should be viewed in  
d if fe r e n t  ways.
fh c ts  are p ie c e s  o f  inform ation, the data o f  exp erien ce . The 
p o ssess io n  o f  fa c ts  does n o t n e c e s sa r ily  im ply th a t  they are  
understood. Meaning can on ly  be g iven  to  fa c ts  when they are re la ted  
and further knowledge created  or sy n th esised .
A person who has acquired cer ta in  concepts has a g en era l n o tio n , has an 
understanding, o f  a p a r tic u la r  body o f  knowledge which has been b u i l t  
frcm a b a s is  o f  fa c tu a l inform ation or  exp erien ce . T herefore, to  
p o ssess  concepts means th a t knowledge i s  m eaningful.
In sch o o ls , the classroom  has became le s s  o f  a p la c e  o f  ro te  
memorisation, and more o f  a p la ce  for e x p e r ie n t ia l lea rn in g . This 
change in  emphasis o f  the r o le  o f  the teacher, th a t  i s  frcm ex p o sito r  
to  f a c i l i t a t o r ,  i s  o fte n  cred ited  to  the work o f  Jean P ia g e t on
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conceptual learning in  ch ild ren . I t  i s  through the a c q u is it io n  o f  
concepts, laws and ru les  which d escr ib e  the world we l i v e  in , th a t our 
knowledge o f  th e world i s  crea ted .
GAL sim u lation s can be regarded as a . form , o f  e x p e r ie n t ia l  learn in g . 
The stu d en t g a in s  knowledge o f  th e ir  world through a sim ulation  o f  p a rt  
o f  th e  world as provided by an "expert". I t  i s  thus im portant to  
examine how conceptual learning can be promoted through th e  use o f  CAL 
sim u la tio n s, and how th is  conceptual learning can be represented , and 
how t h is  m ight be a ffe c te d  by th e stru ctu re  o f  the CAL program.
6 .2  Conceptions o f  the Concept "Concept11
According to  Freyberg (1980) concepts are " d iffe r e n t ia t io n s  o f  
experience", according to  Klausmeier, Ghatala and Prayer (1974) they  
are "ordered inform ation about th e properties' o f  one o r  more th ings  
-o b je c ts ,  ev en ts , or  p rocesses -  th a t enables any p a r t ic u la r  thing or 
c la s s  o f  th in gs to  be d if fe r e n t ia te d  frcm and a ls o  r e la ted  to  other  
th ings or c la s s e s  o f  th ings."
Concepts can be o f  d if f e r e n t  orders o f  g e n e r a li ty , belonging to  
h ie r a r c h ie s . The h igh er a concept i s  in  a h ierarch y , th e more gen era l 
i t  i s .  . This n e c e s s ita te s  th e  recogn ition  o f  superord inate and 
subordinate con cep ts. Superordinate concepts a re  g en era l concepts 
which e n ta i l  i t s  more s p e c if ic  subordinate con cep ts. "The a ttr ib u te  
o f  'power* r e fer s  to  the e x te n t to  which a p a r t ic u la r  concept 
f a c i l i t a t e s  or i s  e s s e n t ia l  to  the attainm ent o f  o th er  concepts."
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(Klausmeier, Ghatala, and Frayer, 1974). Many concepts are defined  
through th e ir  re la t io n sh ip  w ith  o th er  concep ts. The n otion  o f  
conceptual stru ctu re  r e l i e s  on th is  in te r r e la t io n sh ip  o f  con cep ts.
There are two a lte r n a tiv e  view s o f  the nature o f  con cep ts. The f i r s t  
i s  th a t concepts are "signs p o in tin g  to  in v a r ia n t re la tio n s"  (Cohen, 
1946), th a t i s  they are s t a t i c  and fix e d . This v iew  o f  concepts does 
n o t take in to  account any p erson al d if fe r e n c e s  o f  understanding in  
in d iv id u a ls . A more g e n e r a lly  accepted view  i s  th a t concepts are  
person al understandings about a p a r tic u la r  body o f  knowledge, o f  events  
e t c .
To say th a t a person has a concept i s  to  im ply th a t th e ir  
in terp re ta tio n  i s  the same as o th er  p eo p les . However, i t  must be  
borne in  mind th a t, according to  the c o n s tr u c t iv is t 's  n otion  o f  
knowledge, concepts w i l l  d i f f e r  somewhat frcm person to  person . Each 
person con stru cts  th e ir  own understanding o f  the w orld. Each person  
w a ll co n stru ct a p a r ticu la r  concept t y  e n ta ilin g  d i f f e r e n t  a ttr ib u te s  
obtained from d if fe r e n t  even ts and exem plars. This h as encouraged 
sane workers (fo r  example, Goguen, 1974) to  d escr ib e  the "fuzzy nature" 
o f  concepts in  terms o f  fuzzy s e t  theory. Using fuzzy s e t  theory, 
s im ila r  but d if fe r e n t  meanings can be subsumed under one concept t i t l e  
thus allow ing for  b o rd er-lin e  ca se s  o f  membership.
Various types o f  concept and le v e ls  o f  concept atta inm ent have been 
d escr ib ed . Bruner, Goodnow and A ustin  (1956) recogn ise  th ree forms o f  
concept (s in g le -v a lu e , con ju n ctive , and d is ju n c t iv e )  based on the  
number o f  dim ensions included in  the concept d e f in it io n .  Gagnfe (1977) 
recogn ises two ca teg o r ie s  o f  concept (concrete  and d efin ed ) based on
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the nature o f  the concept. Klausmeier, Ghatala and Prayer (1974) and 
Kempa and Hodgson (1976) recogn ise  four le v e ls  o f  d e t a i l  a t  which 
concepts can be a tta in e d . Sane concepts can be a tta in ed  a t  a l l  four 
le v e l s ,  o th ers , because o f  th e ir  n a tu re, may cn ly  be a tta in ed  a t  one 
l e v e l .
6 .3  The A cq u is itio n  o f  Concepts
Bolton (1977) ho ld s th a t th ere are  two major th eo r ie s  o f  concept 
a c q u is it io n :
a) A Theory o f  A bstraction  in  which th e c o n c e p t i s  a 
rep resen tation  o f  the g e n e r a l i t ie s  which have been observed to  
occur among many p a r tic u la r  p ercep tio n s . In sane ways th is  
theory i s  s im ila r  to  Kant's n o tion  o f  a  p o s te r io r i  knowledge, and 
to  in d u ctiv e  reasoning.
b) A H ypothetico-deductive Theory in  which a concept i s  formed by 
having a p a r tic u la r  h yp oth esis  about c e r ta in  fea tu res  o f  the  
environment. Having a h y p oth esis  enables a person to  search for  
p a r tic u la r  evidence which supports or in v a lid a te s  i t .  These 
hypotheses are organised , over a period o f  tim e, to  form a 
conceptual system . These concepts may be regarded as  a p r io r i  
knowledge.
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These two th eo r ie s  have op p osite  d ir e c t io n s  o f  concept a c q u is it io n , tu t  
are they n e c e s sa r ily  exclu sive?  Does th e  reco g n itio n  and acceptance 
o f  one philosophy mean th a t the o th er  cannot be a p p lica b le , perhaps in  
somewhat d if fe r e n t  contexts? Each theory o f  concept formation may 
have i t s  u se fu ln ess  in  d e scr ib in g  learn ing in  d if f e r e n t  m ilie u  and by 
d if fe r e n t  in d iv id u a ls .
According to  Bolton (1972), experim ents in  laboratory  s itu a t io n s  have
shown th a t stu d en ts are:
"Influenced s u f f ic ie n t ly  by th e ir  experience for  th e ir  
reasoning to  d i f f e r  from th a t described  by a p u rely  d ed u ctive  
system , w h ils t  experiments on in d u ctiv e  reasoning lead to  the  
v iew  th a t an understanding o f  the s tr a te g ie s  used by a d u lt  
su b jects  in  a tta in in g  concepts in v o lv es  referen ce  to  the  
high er-order concepts o f  a  lo g ic a l  and d ed u ctive  nature."
Bolton thus proposes th a t an a lte r n a t iv e  theory be found th a t'd o es  n o t
in v o lv e  a sharp d is t in c t io n  between two modes o f  thought, th a t i s ,
induetivism  and deductivism . He s ta te s  th a t th is  theory should have
two p rem isses:
a) th a t the process o f  th inking should be regarded as a 
c o l le c t io n  and transform ation o f  inform ation , and
b) th a t i t s  stru ctu re  should in v o lv e  a h ie r a r c h ic a l org a n isa tio n  
o f  s tr a te g ie s .
Vinacke (1952) has sa id  th a t a complex theory o f  concept form ation may 
in clu d e both o f  th ese  a lte r n a tiv e  and d is t in c t iv e  th e o r ie s . Indeed, 
h e se e s  in d u ctiv e  and deductive p ro cesses  to  be m utually operating  
a c t i v i t i e s .
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Much time has been spent by ph ilosop h ers o f  sc ien ce  on the
in v e s t ig a tio n  o f  sc ie n c e  and the methodology, or m ethodologies, 
employed by s c ie n t i s t s  when making ob serv a tio n s. Bor many 
philosophers o f  s c ie n c e  the in d u e t iv is t  approach i s  n o t seen as being 
rep resen ta tiv e  o f  th ose methods. In stead , hypotheses are seen to  
a r is e  in  the minds o f  s c i e n t i s t s  and are then e ith e r  confirmed or  
rejec ted  according to  the r e s u lt s  o f  experim ents designed to  t e s t  th ese  
h yp otheses.
The formation, or  cre a tio n , o f  th ese  hypotheses i s  u su a lly  n o t seen as
being o f  importance to  the p h ilosopher o f  s c ie n c e . Indeed, Karl
Popper (1980) says o f  the process o f  h y p o th esis  formation:
"The i n i t i a l  s ta g e , the a c t  o f  conceiv ing or inventing  a theory, 
seems to  me n e ith er  to  c a l l  fo r  lo g ic a l  a n a ly s is  nor to  be 
su sce p tib le  o f  i t ."
Pepper d is t in g u ish e s  sharply between the p rocess o f  conceiving a new
id ea , and the methods and r e s u lt s  o f  examining i t  lo g ic a l ly .  He see s
every d iscovery  as  contain ing an " ir r a tio n a l element" or a " crea tive
in tu it io n " .
Copi (1953) im p lies  more than Popper when h e  says:
" lo g ic  has nothing to  say about the d isco v ery  o f  hypotheses; th is  
process i s  more properly  to  be in v e s tig a te d  by p sy ch o lo g is ts ."
This d is t in c t io n  between the r o le s  o f  ph ilosophers o f  s c ie n c e  and
p sy ch o lo g ists  in  d isco v ery  and d escr ib in g  the p rocess o f  h yp oth esis
formation and v a lid a t io n  i s  one which must h inder our understanding o f
the whole p ro cess .
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Hypotheses are, hcv/ever, constructed  so  as to  r e la te  to  the events  
which in i t ia t e d  th e ir  production . Hypotheses are n o t w ild , unrelated  
g u e sse s . For one sm all group o f  p h ilosophers th is  construction  o f  
hypotheses and the subsequent ch o ice  o f  the most s u ita b le  one i s  seen  
as lending i t s e l f  to  a lo g ic a l  a n a ly s is . Foremost amongst th ese  i s  
C .S .P eirce  (1839 -  1910). P e irce  (according to  Ehnn, 1970) f e l t  th a t  
there i s  a lo g ic  o f  d isco v ery , th a t th ere i s  a conceptual in q u iry . 
P eirce  accepted th a t reasoning towards a h yp oth esis  i s  u su a lly  seen  
e ith e r  as n o t being a form o f  reasoning, or i t  i s  seen as a form o f  
in d u ction .
P e ir c e 's  arguements, however, were for  a Theory o f  In troduction , or  
Abduction. In such a theory the d ata , n o t hyp otheses, are the  
s ta r tin g  p o in t for  the n atu ra l s c i e n t i s t .  Abduction i s  a process o f  
creatin g  an in feren ce  which exp la in s su rp risin g  data and then decid ing  
whether th a t idea  i s  worth a ccep tin g . The ty p ic a l example for  
i l lu s t r a t in g  an abductive in feren ce  i s :
The surprising  f e e t  C i s  observed,
But i f  A were tru e, C would be a m atter o f  course;
Hence, there i s  reason to  su sp ect th a t A i s  tru e .
P e irce  sees  abduction as being the f i r s t  s ta g e  o f  s c i e n t i f i c  method. 
Deduction i s  seen as the second sta g e  where the n ecessary  consequences 
(consequences which can be te sted ) o f  the h y p o th esis  are made e x p l i c i t .  
The f in a l sta g e  i s  ind u ction , where the h y p oth esis  i s  te s ted  by 
experim entation. Induction, the f in a l  s ta g e  o f  s c i e n t i f i c  in q u iry , 
in v o lv es  the comparison o f  p red ic tio n s  made during the second s ta g e  
w ith  the a ctu a l r e s u lt s  o f  the experim ent.
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P e irce  thus see s  abducticn as explain ing data  and induction  as
c la s s ify in g  data, tvo very  d if fe r e n t  p r o c esse s . Abduction, h e
b e lie v e s , i s  the on ly  way by which new id ea s are created . The
h yp oth esis th a t i s  created  sim ply being a conceptual d ev ice  for  
stim u latin g  and d irec tin g  -o b serv a tio n . -The in d u c tiv e  process can new 
be seen as a d irected  p ro cess , looking a t  s p e c i f ic  d ata . Hanson 
(1971) r e fe r s  to  th is  d irec ted  observation  o f  data as having an
" ep isto n ic  tube". O bservations are  n o t seen as leading to  a theory  
through ind uction , but lead ing to  the in t u i t iv e  crea tio n  o f  a
hyp othesis through abduction. P e ir c e 's  n o tio n  o f  ind uction  i s
somewhat d if fe r e n t  in  th a t i t  i s  seen as a means for providing the
evidence fo r  the r e je c tio n  or acceptance o f  a  h yp o th esis  rather than as  
a means by which hypotheses are formed.
In accepting th a t concepts are dynamic e n t i t i e s ,  th a t  they develop  as a 
r e s u lt  o f  experience and ob servation , th a t they change over a period  o f  
tim e, and th a t concep ts, l ik e  hypotheses, a re  capable o f  being
v a lid a ted  or in v a lid a ted , then P e ir c e 's  Theory o f  Abduction has much in  
common wdth c o n s tr u c t iv is t  ep istem ology.
Concept learning s tu d ies  have tended to  concen trate  can the development 
o f  ru le s  which attem pt to  exp la in  the g en era l p r in c ip le s  by which 
concepts are formed. These r u le s  have u su a lly  been developed w ithout 
an "in-depth" study o f  concep t-learn ing  (1) in  a  r e a l i s t i c  learn ing  
environment, for-exam ple, the classroom  and (2) _ in vo lv in g  th e. view s o f  
the "learners" and f a c i l i t a t o r s  o f  lea rn in g . Often the th eo r ie s  have  
concentrated on the nature o f  knowledge rather than the nature o f  the  
p ro cess . For example, th e work o f  Gagn6 (1962) and Ausubel (1968) on 
the order in  which knowledge should be acquired has been m ostly
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concerned w ith  the s tru c tu re  o f  knowledge.
Conceptual learning i s  "meaningful learning", the re la tio n sh ip  o f  new 
inform ation to  e x is t in g  knowledge. For Gagnfe, th is  would mean the  
p resen ta tion  o f  subordinate concepts before the h igh er , superordinate, 
concepts in  su b ject or learn ing m a ter ia l. For Ausubel i t  would mean 
th e c en tr a l, un ify in g id ea s  o f  a p a r tic u la r  body o f  knowledge being  
presented f i r s t ,  to  a c t  a s  "advance organisers" fo r  the more s p e c i f ic  
concepts which can then be presen ted . Learning, according to  th is  
model, occurs b y  a gradual p rocess o f  subsumption.
For M itch ell (1982), m eaningful learning means r e la t in g  new knowledge 
to  e x is t in g  knowledge, which i s  arranged as a network o f  con cep ts. 
The new knowledge m erely expands the e x is t in g  - body o f  knowledge. 
Concepts are acquired to  s a t i s f y  p resen t learn ing needs based upon 
p rev io u sly  acquired knowledge. Thus, i f  a chem ist w ishes to  learn  
about food he w i l l  probably s t a r t  from the chem ical stru ctu re  o f  th e  
food and expand in to  new areas such as the e f f e c t  o f  cooking on th e  
food. The ch ef, on th e o th er  hand, w i l l  probably s t a r t  by wanting to  
know more about the nature o f  the food, for  example how i t  behaves 
during cooking, and la te r  acquire seme ch en ica l knowledge o f  the e f f e c t  
o f  cooking when he i s  ready to  do so . For a c h e f  to  s t a r t  by looking  
a t  the chem istry o f  th e  food would, in  a l l  p r o b a b ility , mean th a t th e  
learning i s  n ot m eaningful, fo r  th ere would be no re lev a n t conceptual 
stru ctu re  to  which i t  could be r e la te d .
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The c o g n itiv e  th eo r ies  o f  concept learning and P e ir c e 's  Pragmatic 
Theory o f  Abduction assume th a t the in d iv id u a l f i r s t  an alyses s tim u li  
in to  a t tr ib u te s .  An in d iv id u a l's  performance i s  determined to  a la rg e  
e x ten t by how w e ll they s e le c t iv e ly  attend  to  the variou s  
c h a r a c te r is t ic s  d e fin in g  the -concept. . This w i l l  depend o n ; the  
previous experiences o f  th a t in d iv id u a l ' in  —th a t h e has le a rn t to  
d iscrim in a te  or ignore c e r ta in  types o f  a t tr ib u te .
V inacke's (1952) d e scr ip t io n  o f  concept formation i s  more g en era l than 
those o f  Gagnfe and Ausubel. He see s  the su b jec t being exposed to  
m a ter ia l and in terp retin g  i t  using one or more o f  a v a r ie ty  o f  methods. 
In time seme " featu res stand o u t, o th ers d is in te g r a te  u n t i l  a concept 
which i s  a p p lica b le  to  th e a t tr ib u te s  i s  found. P e irce  (according to  
Ihnn, 1970) would say th a t when the su b ject i s  exposed to  learn ing  
m a ter ia l, the most reasonable concept (h y p o th es is ), th a t which b e s t  
f i t s  the c h a r a c te r is t ic  or  a t tr ib u te s , would be s e le c te d . Vinacke 
a ls o  p o in ts  out th a t an in d iv id u a l may a ls o  f a i l  to  develop  an adequate 
conceptI
In terp reta tio n  o f  sen se  data in v o lv es  c o g n it iv e  s tr a te g y . This 
c o g n it iv e  stra teg y  i s  u su a lly  recognised as leading to  the form ation o f  
hyp otheses. These hypotheses are te sted  using sen se  data u n t i l  the  
"correct" h yp othesis has been s e le c te d .
Various co g n itiv e  s tr a te g ie s  have been recogn ised , for  example, th ose  
o f  su c c e ss iv e  scanning, sim ultaneous scanning, and focusing; a w h o lis t  
and a p a r t i s t  s tra teg y  (Bruner, 1956). In a l l  o f  th ese , th e  s tr a teg y  
in v o lv es  the matching o f  perceived  a ttr ib u te s  w ith  the a t tr ib u te s  
pred icted  by the nature o f  the h yp oth esis  or concep t. Seme s t r a te g ie s
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(eg . sim ultaneous scanning) in v o lv e  the in d iv id u a l p ossessin g  a number 
o f  s im ila r  hypotheses Which are reduced as the evidence accrues and 
e lim in a tes  u n su itab le  on es. Sane s tr a te g ie s  in v o lv e  the te s t in g  o f  
one h yp oth esis a t  a time; r e fu ta tio n  o f  the h y p oth esis  may e ith e r  
r e s u lt  in  i t  being charged for a more s u ita b le  one, or  m o d ifica tion  t o . 
account, for  the newly recognised a t tr ib u te s .
P e irce  does n o t se e  an in d iv id u a l m aintaining a  la rg e  number o f  
p o s s ib le  hypotheses, th e  "incorrect" ones o f  which are g ra d u a lly  
elim in ated . In stead , h e  se e s  an in d iv id u a l i n i t i a l l y  choosing the  
most reasonable, p la u s ib le  and eccn an ica l h y p o th es is , te s t in g  i t ,  and 
then e ith e r  r e jec tin g  i t  according to  the ev idence.
P e irce  b e lie v e s  an in d iv id u a l con sid ers three fa c to r s  When s e le c t in g  a  
h y p o th es is :
i .  th a t i t  ex p la in s  the observed data or fa c t s ,
i i .  th a t i t  can be te s te d ,
i i i .  th a t i t  i s  eccn an ica l (P e ir c e 's  concept o f  "econany" h as a  
number o f  fa c e ts , but b a s ic a l ly ,  a h y p oth esis  i s  eccn an ica l 
i f  i t  i s  sim ple and has in t r in s ic  v a lu e ) .
Thus, there appears to  be tvo  e s s e n t ia l  p a rts  to  conceptual lea rn in g :
a) The gen eration  and te s t in g  o f  hyp otheses,
b) The co g n itio n  o f  the carman a ttr ib u te s  o f  p o s i t iv e  in s ta n c e s .
These two fa c ts  o f  concept learning are s im ila r  to  Bruner, Goodnow and 
A u stin 's  (1956) su b sets o f  concept learn in g:
a) Concept formation, Which they d escr ib e  as the in v e n tiv e  a c t  
Which the c la s s e s  are con stru cted .
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b) Concept attainm ent, vhich  i s  the search fo r  a ttr ib u te s  Which 
d is t in g u ish e s  exenplars from non-exemplars (deduction and 
induction  according to  P e ir c e ) .
Not a l l  co g n itiv e  s tr a te g ie s  areh eq ually  as su c c e ss fu l for,-conceptual 
learn in g . Bourne (1965) has reported seme o f  th e d if fe r e n c e s  th a t  
occur between "good" and "poor" concept lea rn ers . He has found th a t  
e f f i c i e n t  learn ers tend to  take the a ttr ib u te s  o f  th e f i r s t  p o s it iv e  
in sta n ce  o f  th e concept and in c lu d e  them in  the i n i t i a l  h y p o th esis , 
th a t i s  they employ a v h o l i s t  s tr a te g y . He found th a t poor learn ers  
o ften  f o i l  to  modify th e ir  hypotheses When th ere i s  an in c o r re c t  
category response; th a t changes to  th e ir  hypotheses a re  l e s s  c o n s is te n t  
w ith the a v a ila b le  inform ation; th a t they produce more complex changes 
to  th e ir  hypotheses than do good lea rn ers .
I t  m ight, however, prove b e n e f ic ia l  for a person n o t to  change the
nature o f  a p a r tic u la r  concept (or  h yp oth esis) Whenever an 
in co n sisten cy  i s  recogn ised . Gaines (1976) b e lie v e s  th a t most human 
reasoning a llow s a redundancy o f  data and th a t i t  accep ts  minor
co n tra d ic tio n s . Such minor co n tra d ic tio n s may r e s u l t  from the fuzzy
nature o f  c er ta in  a ttr ib u te s  which can be en ta iled  w ith in  a p a r tic u la r  
concept. However, rather than in clu d e in c o n s is te n c ie s  in to  the  
conceptual s tru ctu re , Gaines b e lie v e s  th a t human reasoning con ta in s  
th e ir  e f f e c t s  and i s o la t e s  them from the recognised p o s i t iv e  a ttr ib u te s  
o f  the concept.
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6 .4  A ltern a tiv e  Conceptions
Whatever s tr a teg y  a person uses to  form, or acquire, concep ts, there i s  
a very good p r o b a b ility  th a t in d iv id u a ls  w i l l  n o t form id e n t ic a l  
concep ts. P rior  knowledge and experience can have a marked e f f e c t  on 
the formation o f  new knowledge.
In a s im ila r  manner, P e irce  (Eann, 1970) b e lie v e s  th a t every  
in d iv id u a l's  thoughts and fe e lin g s  a re  in  some way p r iv a te  to  h im se lf , 
and, in  a sen se , are him and th erefore  uniquely h i s .  P e irce  a ls o  
recogn ises th a t p r io r  prem isses a f f e c t  n o t on ly  an in d iv id u a l's  
perceptual judgements, but a ls o  th e  hypotheses th a t are in ferred  from 
observation a l d a ta . P e ir c e 's  Pragmatic Theory i s  th us, in  many ways, 
s im ila r  to  those o f  C o n s tr u c tiv is ts .
According to  P ask 's "Conversation Theory" (Pask, 1976a) the two 
p a r tic ip a n ts  in  the learning p ro cess , the learn er and the f a c i l i t a t o r  
o f  learn ing (teaching and learn ing m a ter ia l, teach er, teaching  
machines, computer programs and s im u la tion s, even the in d iv id u a l who i s  
learn ing) p a r t ic ip a te  in  a conversation  through vh ich  a mutual 
understanding o f  a p a r tic u la r  body o f  knowledge i s  brought about or  
encouraged. P ask 's model i s  one vh ich  recogn ises var iou s teaching and 
learning s tr a te g ie s ,  and vh ich  recogn ises th a t learn ing o fte n  proceeds 
from "not knowing" to  the s ta te  o f  "understanding". Between th ese  
two extreme s itu a t io n s , in d iv id u a ls  w i l l  have an understanding o f  the  
su b ject m atter vhich  i s  n o t f u l ly  in  agreement w ith  th a t  o f  the  
"teacher".
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Various terms have been used to  d escr ib e  the s ta g e  where a  lea rn er 's  
conceptual stru c tu re  con ta in s concepts vh ich  do n ot hold  the same
meaning for  learn er and teach er. Driver and E asley  (1978) su ggest  
th a t they should be c a lle d  " a ltern a tiv e  frameworks", Osborne and 
G ilb er t (1980) " a ltern a tiv e  concep tions" . Helm (1980) uses the term 
th a t many teachers a t  the p resen t time would u se , th a t i s ,
"m isconceptions".
There appears to  be two ways by vh ich  we can look  a t  th ese  concepts 
vhich  are/ to  varying d egrees, incongruous. The f i r s t  i s  th a t i f  the  
in d iv id u a l f a i l s  to  form the "correct" concept because o f  a lo g ic a l  
in co n sis ten cy , then I t  m ight be f r u it f u l  to  r e fe r  to  th e concept a s  a 
"m isconception".
Learning can be viewed as co n stru ction  o f  new understandings based on 
previous on es. I f  learning occurs in  a s o c ia l  environment such as  
the classroom  then we m ight presume th a t as learn ing p ro g resses , 
conceptions w i l l  become more s im ila r  to  the concep tions h e ld  by
"experts". Such a convergence o f  id eas might occur through a p rocess
o f  concensus con stru in g . I t  i s  u n lik e ly , however, th a t even between 
exp erts, conceptions w i l l  be com pletely  id e n t ic a l .  I f  we accep t th a t  
understanding must progress from sim ple, commonly accepted , everyday 
conceptions to  experts' conceptions then the concept o f  " a lter n a tiv e  
conceptions" and " a ltern a tiv e  frameworks" i s  accep ta b le i
G ilb er t, Osborne and Frensham (1982) have d is tin g u ish ed  th ree  " le v e ls  
o f  understanding" for s c i e n t i f i c  concepts: " ch ild ren 's  sc ien ce" ,
" teacher's sc ien ce" , and " s c ie n t is t ' s  sc ien ce" . Z ylbersztajn  (1983) 
has suggested th a t a fourth form o f  sc ie n c e  "curriculum science"  should
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be in clu d ed . G ilb er t, Osborne and Frensham (ib id ) see  the teacher  
in ter a c tin g  (holding a "conversation" [Pask, 1976a]) w ith  th e learn er , 
the r e s u lt  o f  vh ich  may lead  to  the progression  from a  c h i ld 's  
conception  o f  sc ie n c e  to  a s c i e n t i s t ' s  (e x p e r t's )  conception o f  
sc ie n c e .
In b io lo g y , one area o f  work concerned w ith  a lte r n a tiv e  conceptions has  
been th a t o f  B e l l  (1981, 1982) who has looked a t  c h ild r e n 's  conceptions  
o f  the concept "animal". She found th a t many ch ild ren  used the ward 
"animal" synonymously w ith  the word "mammal". B e l l  suggested th a t the  
d i f f i c u l t y  for  sc ie n c e  stud en ts in  acquiring s c i e n t i f i c  meanings might 
a r is e  from the confusion  between the common, everyday m eanings. 
Kargbo, Hobbs and Erickson (1980) and Posner (1981) have even suggested  
th a t ch ild ren  may develop  two types o f  m ental stru ctu re; one for  
everyday exp erien ces, the o th er  for sch ool teach in g . The r o le  o f  the  
teacher i s  to  encourage the s tu d en t/p u p il to  d is t in g u is h  between 
everyday and s c i e n t i f i c  con cep ts.
How unique i s  " ch ild ren 's  science"? I s  i t  unique to  ch ild ren  o r  i s  i t  
a more widespread phenomenon see s  in  those in d iv id u a ls  vho have  
received  l i t t l e  tra in in g  in  s c i e n t i f i c  su b jects?  When does  
" ch ild ren 's  science"  become "lay science"? I  w i l l  show la t e r  th a t  
even in  C ollege students aged 16 to  21 years common, everyday meanings 
a r is e  in  learn ing s itu a t io n s  and cause d i f f i c u l t i e s  in  conceptual 
lea rn in g . "C hildren's science" may thus be a su b set o f  " lay  sc ien ce" .
"lay science" and " ch ild ren 's  science" although represented  by 
d iffe r e n c e s  in  conceptual understanding, a ls o  rep resen t d if fe r e n c e s  in  
c o g n it iv e  behaviour. "Lay science" d i f f e r s  from " s c ie n t i s t ' s  science"
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in  two oth er ways. Ind iv iduals Who e x h ib it  " ch ild ren 's  science" have 
d i f f i c u l t y  w ith  a b str a c t reasoning and are in te r e ste d  in  a p a r tic u la r  
explanations fo r  s p e c i f ic  events (Osborne, B e l l  and G ilb ert ,1 9 8 3 ).
6 .5  Conceptual Exchange
According to  P ia g etia n  th eo r ie s , " in te l le c tu a l  development" i s  the  
"process Whereby in d iv id u a ls  develop more pow erful (general) ex ecu tiv e  
schemes" (Gold, 1981) An important p a r t o f  in t e l le c t u a l  development i s  
the a c q u is it io n  o f  more gen era l concepts vh ich  are capable o f  
explain ing a w ider range o f  experiences than s p e c i f ic  con cep ts. The 
nature o f  concepts may have to  be changed, for  example fncm th ose  o f  
"lay science" to  those o f  " s c ie n t is t ' s  sc ien ce" . M isconceptions 
(rather than a lte r n a t iv e  conceptions), may have to  be d iscarded for  
v a lid  con cep tion s. This change o f  conceptual b e l i e f  h as been 
described as "conceptual exchange" (Hewson, 1980).
Conceptual exchange can be found, for  example, vhen ob servation s made 
by an in d iv id u a l cannot be explained by th e ir  p resen t conceptual 
understanding or  hypotheses, o r , vhen i t  i s  apparent from a 
conversation , -say w ith  a teacher, th a t th ere  i s  a c o n f l i c t  in  b e l i e f s .  
In P iagetian  terms, the r eso lu tio n  o f  th is  c o g n it iv e  c o n flic ts  i s  known 
as " eq u ilib ration " . E q u ilib ration  c o n s is t s  o f  looking ? fo r  new 
re lev a n t inform ation, actin g  on th is  inform ation and stopping vhen the  
o r ig in a l task  requirem ents are met by the so lu t io n  most c o n s is te n t  w ith  
the schemes a c tiv a ted  (Gold, 1981).
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A concept vh ich  rep laces a p rev io u sly  h e ld  one must exp la in  both the  
s e t  o f  experiences vh ich  in i t ia t e d  the c o g n it iv e  c o n f l i c t ,  and the s e t  
o f  experiences vh ich  had been adequately explained by the p rev iou sly  
h eld  concept.
A s im ila r ity  between C o n stru c tiv is t E^istemology and P e ir c e 's  Theory o f  
Abduction i s  seen in  Hewson's Model o f  Conceptual Exchange.
Hewson's model (Hewson, 1980) fo r  conceptual exchange in clu d es four 
con d ition s vhich  are  u su a lly  met b efore  a concept i s  exchanged. The 
p rocess o f  exchange i s  in i t ia te d  by a fe e lin g  o f  d is s a t is fa c t io n  for
the e x is t in g  concept (con d ition  1 ) .  The new concept must be formed
(although th e process o f  concept formation does n o t fo rm ,p a rt o f  
Hewson's m odel). The new, replacem ent concept i s  then judged as being  
i n t e l l i g i b l e  (co n d itio n  2 ) ,  p la u s ib le  (co n d ition  3) and more f r u it f u l  
(con d ition  4) than the i n i t i a l  concept, th a t i s  the new concept should  
be capable o f  so lv in g  more problems than the i n i t i a l  cxncept.
(1) D is s a t is fa c t io n  w ith  a concept or  h y p oth esis  i s  sa id  to  occur vhen 
the e x is t in g  concept i s  unable to  exp la in  new e x p e r ie n t ia l data  o r  new 
knowledge. The anomaly the person experiences i s  c o n s is te n t  w ith  
P e ir c e 's  notion  o f  "surprising data".
(2) The second n ecessary  con d ition  i s  th a t the new h yp o th esis  should  
be i n t e l l i g i b l e .  Hewson sees  the new cxncept being i n t e l l i g i b l e  on ly  
i f  i t  i s  in te r n a lly  c o n s is te n t , but n o t n e c e s s a r ily  c x n s is te n t  w ith  
oth er  knowledge. P e ir c e 's  pragmatic theory i n s i s t s  th a t on ly  th ose  
hypotheses th a t a re  meaningful ( in  th a t th ey  are v e r i f ia b le )  are  
reasonable h yp oth eses.
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(3) Hewson's n otion  o f  p la u s ib i l i t y  corresponds to  P e ir c e 's  notion  o f  
" in tr in s ic  value" o f  a concept. Hewson's model requires a new concept 
to  be c o n s is te n t  w ith the p erson 's  o th er knowledge. I t  i s  necessary  
to  say a concept i s  tru e . To be a b le  to  say a concept i s  tru e , one 
must be ab le  to  understand i t .  P e irce  says th a t a cxncept has 
in t r in s ic  va lu e  i f  a person expects th a t h yp oth esis  to  be tru e .
(4) F in a lly , Hewson* s  model req u ires th a t the new concept to  be 
f r u i t f u l .  I f  th e new concept exp la in s n o t on ly  the o ld  data , but a ls o  
the surprisin g  data then th a t concept should be seen as f r u i t f u l .  
Here we can in clu d e P e ir c e 's  n otion  o f  "sim plicity"  vhich  i s  included  
in  the economical fee  to r  o f  " in tr in s ic  va lu e" . P e irce  b e lie v e s  th a t  
b efore  a com plicated h yp oth esis  i s  tr ie d , the person should make sure  
th a t no s im p lif ic a tio n  o f  i t  would exp la in  the fe c t s  eq u a lly  as w e ll .  
Hewson's n otion  o f  fr u it fu ln e s s  in c lu d es elem ents o f  e legan ce, 
parsincmy, and economy. The d is t in c t io n  according to  P e ir c e 's  model 
between con d ition s 3 and 4 i s  a hazy one, and can on ly  be c la r i f ie d  by 
using Hewson's terms. The n o tion  o f  fr u it fu ln e s s  im p lies  th a t a  new 
concept w i l l  on ly  rep lace  another i f  there i s  an in t r in s ic  m otivation  
to  do so .
I t  has been reported (Osborne, B e ll  and G ilb er t, 1983; P ickering and 
Monts, 1982) th a t ch ild ren  are sometimes capable o f  r e s is t in g  
in flu en cin g  fee  tors vh ich  could r e s u l t  in  a change o f  th e ir  
understanding o f  s c i e n t i f i c  con cep ts. Osborne, B e l l  and G ilb er t  
provide f iv e  a lte r n a tiv e  vays in  vhich  the inform ation presented  by a 
teaching ep isode can be treated  by a stud en t. The inform ation can be:
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a) rejected ;
b) m isinterpreted  to  f i t  in  w ith , or  even support p resen t v iew s;
c) accepted , but in  i s o la t io n  fran p resen t v iew s;
d) accepted but lea d s to  confusion;
e) accepted and forms a coherent view  o f  th e world.
I  have attenpted  to  show th a t th ere are variou s models o f  concept 
formation and attainm ent, and th a t recen t c o n s tr u c t iv is t  th eo r ies  
recogn ise  the in d iv id u a lity  o f  th e  nature o f  le a rn in g . I t  i s  my 
b e l i e f  th a t each person co n stru cts  th e ir  own and in d iv id u a l "world" o f  
con cep ts. Concepts, however, -should be-regarded as hypotheses vhich  
e x h ib it  a dynamic nature in  th a t they can be exchanged vhen ever the  
person b e lie v e s  th a t the r e la t io n sh ip  o f  e x p e r ie n t ia l data w ith the  
r e s t  o f  th e ir  body o f  knowledge so  req u ires.
I  have a ls o  tr ie d  to  show th a t  the dichotomy o f  op in ion  as to  whether 
reasoning i s  in d u ctive  or  d ed u ctive  in  nature can be regarded as a 
fa ls e  dichotomy. In i t s  p la c e  I  have su b stitu ted  P e ir c e 's  Pragmatic 
Theory o f  R etroduction, or  Abduction, vh ich  e n ta i l s  n o t on ly  
in d uctiv ism  and deductivism , but a ls o  e n ta i ls  a theory for  the crea tio n  
o f  hypotheses, or con cep ts, vh ich  preceeds both o f  th ese  p ro cesses . 
This theory, I b e lie v e  has much in  cannon w ith  th e  K elly ian  notion  o f  
the person al construction  o f  knowledge and o f  "Main th e  S c ie n t is t" .
In the renainder o f  th is  chapter I  want to  look a t  a number o f  id eas  
concerning the stru ctu re  and rep resen ta tion  o f  knowledge.
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6 .6  The Structure o f  Knowledge?
In Chapter Che I looked a t  variou s th eo r ies  o f  c o g n it iv e  stru ctu re , 
e s p e c ia lly  those o f  Ausubel and Gagnfe, and variou s th eo r ie s  o f  
c o g n it iv e  s t y le  and s tr a teg y , e s p e c ia l ly  those o f  Pask and Ifertm . In 
p o s itin g  th a t i f  person can have a s tra teg y  and preferred  s t y le  for  
acquiring knowledge, i t  i s  n o t  unreasonable to  assume a ls o  th a t  
knowledge i s  structured in  the mind.
In c o g n it iv e  sc ien ce  and a r t i f i c i a l  in t e l l ig e n c e  s tu d ie s , a l o t  o f  
emphasis has :been placed on how knowledge and s k i l l s  are structured  
w ith in  th e human brain . This in t e r e s t  in  the stru ctu re  o f  knowledge 
has developed from s tu d ies  in  vhat has been c a lle d  "productive 
learn ing" . In "productive learn ing" , learning i s  seen to  occur more 
rea d ily  vhen i t  i s  presented in  a structured manner, such as  by 
auto ins fr a c tio n a l d ev ices  and th e ir  component learning programs.
Various th eo r ies  concerning the nature o f  c o g n it iv e  s tru ctu re  have been 
put forward. P ia g et (1968), fo r  example, see s  a s tru c tu re  a s  a  system  
o f  laws and th e ir  subordinate elem ents. He does n o t se e  a s tru c tu re  
as being ju s t  a c o lle c t io n  o f  elem ents and th e ir  p r o p e r tie s , vh ich , 
apparently, are the very  "structures" proposed by workers such as Gagnfe 
and Ausubel. I t  i s  on ly  more r ec e n tly  th a t c o g n it iv e  s tru c tu res  have  
been developed vhich n o t on ly  in c lu d e  p ro p o sitio n a l knowledge but a ls o  
in c lu d e  the ru les  and p r in c ip le s  r e la t in g  p r o p o s it io n s . This la t t e r  
type o f  c o g n itiv e  stru ctu re  i s  more o f  a system representing  knowledge 
and th e vay th a t i t  i s  structured  by in d iv id u a ls  in  th a t r e la t io n sh ip s  
and the r e la t iv e  stren gth  o f  th ese  re la t io n sh ip s  can be shown, and 
th erefore  th a t meaning can be sought for seme o f  th ese  s tr u c tu r e s .
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Schemes such as those o f  Gagnfe and Ausubel for structuring knowledge 
have m ainly been used in  th e d es ig n  o f  curriculum and le sso n  m a ter ia l. 
Evidence has been produced th a t knowledge could be structured  
h ie r a r c h ic a lly  in  the human brain  (fo r  example, Shavelson, 1972; 
Preece, 1976) . By lin k in g  p ro p o s itio n a l statem ents a sso c ia ted  w ith  a 
hierarchy o f  s k i l l s ,  Baird and White (1982) produced a c o g n it iv e  map 
vhich they b e lie v e  to  be c o n s is te n t  w ith  the inform ation th a t i s  stored  
in  memory. Such a c o g n itiv e  map shows the developm ental r e la t io n sh ip  
o f  variou s to p ic s  and su b top ics, and i s  the stru ctu re  vh ich  one would 
expect an exp ert to  produce in  an in s tr u c t io n a l s e t t in g .
West, Fensham and Garrard (1982) have attempted to  develop  methods for  
" e l ic i t in g , recording and transforming both the elem ents o f  c o g n it iv e  
stru ctu re  and th e ir  org a n isa tio n , in  order to  produce a rep resen ta tio n  
o f  the c o g n it iv e  stru ctu re  o f  in d iv id u a l learn ers."  These 
rep resen tation s o f  c o g n it iv e  s tru c tu re  are h ie r a r c h ic a lly  arranged maps 
where the nodes, . representing major p r o p o s it io n s ,;;<are connected^ b y < 
"relationship" l in e s .  The maps are  produced by e l i c i t in g  d e f in it io n s  
o f  the variou s concepts and then obtain ing a rating o f  the d eg ree  o f  
r e la t io n sh ip  between the variou s p a ir s  o f  p ro p o s itio n a l sta tem en ts. 
D iekhoff and D iekhoff (1982) s e e  th e in te r r e la t io n sh ip  o f  concep ts in  a 
top ic  area as " stru ctu ra l knowledge". They have produced th e ir  
co g n itiv e  maps by a p r in c ip a l components a n a ly s is  o f  num erical 
judgements o f  the stren gth  o f  r e la t io n sh ip s .
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The e l ic i t a t io n  method for  determ ining co g n itiv e  stru ctu re  would seem 
to  crea te  re la t io n sh ip s  fo r  a person to  e ith e r  knock down or support. 
I t  could lead to  r e la t io n sh ip s  being crea ted . Students could say , "I 
d id n 't  th ink o f  th a t b e fo r e . Yes they are r e la ted !" . This could  
e a s i ly  account for th e h ig h  number o f  "Ah Ahl" s itu a t io n s  vh ich  were 
reported t y  West> Fensham, -and Garrard (1982), and vh ich  led  them to  
th ink th a t i t  could be a p o te n t ia l learn ing a id . The reason fo r  using  
th is  method o f  e l i c i t a t io n  was based on the authors' d e s ir e  to  "explore  
the p o s s ib i l i t y  o f  summarising in d iv id u a ls ' c o g n it iv e  s tru c tu res  on 
seme gen era l dim ensions." The use o f  an "intended c o g n it iv e  
structure" p r o v id e s^  a framework. ‘I t  ‘ i s  ' an e x p e r t's  c o g n it iv e  
stru ctu re  rath er than th a t o f  a stu d en t.
Although evidence may e x i s t  vhich  shows th a t knowledge i s  structu red  in  
the human brain , Cotton e t  a l  (1977) and Pask (1969) have c a s t  seme 
doubt as to  whether a l l  knowledge i s  so  stru ctu red . Cotton e t  a l  
b e lie v e  th a t both motor and in t e l le c t u a l  s k i l l s  may sim ply tr a n sfe r  to  
another ta sk v  rather than sihiply being p r e re q u is ite  . to  i t  a s ' .in ' a  
Gagnfe-type h ierarch y . Pask says th a t stud en ts dem onstrate an 
unstructured body o f  knowledge vhen they are unable to  say  how they  
learn  i t .  However, Pask b e lie v e s  th a t few areas o f  knowledge or  
s k i l l s  are a c tu a lly  unstructured in  the mind.
I t  i s  in  the area o f  a r t i f i c i a l  in t e l l ig e n c e  th a t v a r iou s s tru c tu res  
have been developed, w id ely  used, and proposed as being s im ila r , a t  
l e a s t  fu n ctio n a lly , to  th ose  stru c tu res  in  the human b ra in . -G oldstein- 
and Papert (1977) have d escribed  the e s s e n t ia l  concern o f  a r t i f i c i a l  
in te l l ig e n c e  as  "the n e c e s s ity  to  co n stru ct frameworks in  vh ich  a l l  th e  
d iv erse  kinds o f  knowledge can s u c c e s s fu lly  in te r a c t  in  order to  a llo w
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the complete comprehension process to  take p lace ."  Norman, Gentner 
and Stevens (1976) b e lie v e  th a t learn ing i s  organised around "sm all, 
sim ple schemata th a t can be app lied  to  s itu a t io n s  wherever deemed 
appropriate." The conceptual s tru ctu res  are ap p lied , by analogy, to  a 
new s itu a t io n  o r  area o f  knowledge.
Workers in  a r t i f i c i a l  in t e l l ig e n c e  have used a number o f  d i f f e r e n t  
stru ctu ra l forms fo r  knowledge in  th e ir  s tu d ie s . Anderson and Bower 
(1973) used p rq p o sit io n a l tr e e s  in  th e ir  computer sim u lation  o f  memory, 
HAM (Human A sso c ia tiv e  Memory). P ro p o sitio n a l tr e e s , although  
su ita b le  for  d escr ib in g  conceptual understanding o f  sm all b od ies o f  
knowledge, a re  u n su ita b le  fo r  representing large  bod ies o f  knowledge. 
I f  th ese  p ro p o s itio n a l tr e e s  are  used to  d escr ib e  a la rg e  body o f  
knowledge w ith  a l l  the p o s s ib le  in te r r e la t io n sh ip s  th a t e x i s t ,  they  
would be extrem ely la rg e  and cumbersome. Thus, i t  i s  d ou b tfu l whether 
such stru ctu res  would be found, organising a body o f  knowledge in  the  
human brain .
Greeno (1973), although b e lie v in g  th a t c o g n itiv e  tr e e s  are con stru cted  
in  the le a rn er 's  working memory, a ls o  b e lie v e s  th a t  th ese  s tru c tu res  
are m odified fcy inform ation re tr iev ed  from sem antic memory in to  
r e la t io n a l networks. Network s tru c tu res  are probably more m eaningful 
than oth er methods for  representing bodies o f  knowledge. Norman 
(1973) in  h is  "semantic networks" p la c e s  concepts and even ts a t . the  
nodes o f  the network, and connects th ese  nodes using d ir e c te d , la b e lle d  
r e la t io n s  to  provide a meaning s tru c tu re . Over a period  o f  tim e, 
Norman's sem antic networks have evo lved  in to  ''deeper, smore co n cep tu a lly  
based rep resen ta tion s" . But Norman regards th ese  s tru c tu res  a s  being  
too s t a t ic ,  th a t i s ,  they have n o t become dynamic s tr u c tu r e s . To
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became dynamic s tr u c tu r es , Norman b e lie v e s  th a t a c t io n s , l ik e  ev en ts , 
could be stored  in  memory in  a s im ila r  way to  th a t used for  stor in g  
concepts.
M itch ell (1982) regards h is  network stru c tu res , which are  s im ila r  to
those o f  Norman, as being f le x ib le  in  th a t any o f  th e to p ic s  could be
regarded as being h ie r a r c h ic a lly  superordinate, w ith  a l l  o th er to p ic s
being subordinate to  i t .  U nlike the stru ctu res  I  have already
described , M itch e ll b e lie v e s  th a t c o g n itiv e  s tru c tu res  should be
imagined as a f is h  n e t  where the knots rep resen t to p ic s .  M itch e ll
a lso  b e lie v e s  d th a t > conceptualvikncwledge ^houM'7h eg  looked; ia t  . u sin g /.a
systems a n a ly s is  approach where the thinking i s  e x p a n s io n is t ic . The
system under con sid era tion  should be explained in  terms o f  i t s , f u n c t io n
in  the la rg er  system  o f  vhich  i t  i s  p a r t. I t  i s  n o t p o s s ib le  to
properly  decompose a system in to  i t s  components. Hence M itc h e ll's
view s are s im ila r  to  th ose o f  Norman:
"Learning in v o lv es  the a c q u is it io n  o f  new c o g n it iv e  s tru c tu res  
b u i l t  upon o ld , p rev io u sly  acquired stru ctu res ."
(Norman, Gentner, Stevens, 1976)
Rather than producing maps showing the r e la t io n sh ip  o f  a c o l le c t io n  o f  
iso la te d  fa c ts ,  Clement (1979) has produced maps o f  conceptions which 
show the a c tio n s  leading to  a r e s u lt  ex p ecta tio n . These maps are  
networks o f  a c tio n -o r ien ted  con cep tion s. They a re  d e ta ile d  
d escr ip tio n s  o f  an e x p e r t 's  knowledge s tru c tu res .
Another model-which, attem pts to  show a s tru ctu re  changing = wd.th tim e i s  -a 
th a t produced by Head and Sutton (1981) vh ich  emphasises th e growth o f  
many d is c r e te  p a r ts  forming a m osaic.
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Gorte (1980) has a ty p ic a l inform ation-processing approach in  th at  
c o g n itiv e  a c t i v i t i e s  are analysed and represented in  terms o f
su c ce ss iv e  even ts th a t take p la ce  i n i h e  p rob lem -so lver.-----This type o f
study r e s u lt s  in  the production o f  flcw -ciharts.
Concepts, i f  they are indeed structured  in  the mind, are  n o t always 
c le a r ly  stru ctu red . Students have d i f f i c u l t i e s  a sso c ia ted  w ith
" d iff ic u lt"  con cep ts. Okuda e t  a l  (1978) and Goguen (1974) have
sta ted  th a t because o f  d i f f i c u l t i e s  a sso c ia ted  w ith  the rep resen ta tion  
o f  c er ta in  even ts, for example, in  making d e c is io n s  in  the r e a l world, 
concepts should be regarded as fuzzy even ts and represented as fuzzy  
s e t s .  ,
Goguen see s  the concepts a s  being h ie r a r c h ic a lly  structured  in  th e  form 
o f  a tr e e . However, u n lik e  previous tr e e  s tru ctu res  th a t I  have 
describ ed , each conception i s  n o t seen  as contain ing d e f in i t e
subconcepts. There i s  a p ro b a b ility  th a t a concept con ta in s c er ta in  
subconcepts. This p ro b a b ility  o f  a concept contain ing c e r ta in
subconcepts i s  the "fuzzy" nature o f  th e concep t. The h ie r a r c h ic a l  
fu zz y -se t  s p e c if ie s  an algorithm  vh ich  can be used to  compute the  
degree to  which th e concept h o ld s in  the s t a t e  o f  th e w orld.
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6 .7  R epresentations o f  the Structure o f  Knowledge -  
A Pedagogic Aid?
In constructing  rep resen tation s o f  th e stru ctu re  o f  a body o f  
knowledge, i t  could be sa id  th a t one i s  attem pting to  ach ieve one or  
more o f  three o b je c t iv e s , namely:
( i )  H igh lighting stud en t con cep tion s, whether they be v a lid  
conceptions, a lte r n a t iv e  con cep tion s, or  m isconceptions.
( i i )  The d esign  o f  su b jec t and curriculum  m a ter ia l.
( i i i )  Helping studen ts to  learn  (about le a rn in g ) .
Wildman (1981) see s  learning as a g en era tiv e  process where meaning and 
comprehension must be constructed  t y  in d iv id u a l lea rn ers .
I f  rep resen tation s o f  c o g n it iv e  s tru ctu re  are  being used in  the d es ig n  
o f  in s tr u c tio n a l packages, in  showing conceptual r e la tio n sh ip s  to  
stu d en ts, in  h ig h lig h tin g  stud en t m isconcep tions, then c e r ta in  
q u estion s must be asked. Are they "true" rep resen ta tion s o f  c o g n it iv e  
structure?  Do they need to  be true rep resen ta tio n s, or  m erely  
fu n c tio n a lly  adequate?
Shavelscn (1972), w h ils t  looking a t  Gagn6-types o f  s tru c tu re , has shown 
th a t the c o g n it iv e  stru ctu re  corresponds more c lo s e ly  to  the co n ten t  
stru c tu re  a t  the end o f  in s tr u c tio n  than a t  the beginning. P reece  
(1976) has a ls o  shown th a t the c o g n it iv e  s tru c tu re  o f  m echanical 
concepts for  those students "knowledgeable in  physics" i s  q u ite  s im ila r  
to  the organ isa tion  o f  concepts in  a learn ing h iera rch y . But how much 
are th ese  r e s u lt s  due to  a s tu d en t's  r e a l i s a t io n  o f  th e h ie r a r c h ic a l  
p resen ta tio n  o f  su b ject m aterial?  Ford (1980) b e lie v e s  th a t i t  i s  n o t  
l ik e ly  th a t inform ation i s  represented in  the le a r n e r 's  mind in  the  
same way as i t  i s  presented in  the w r itten  or  spoken form. I t  wpuld
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thus be necessary  for seme transform ation o f  the inform ation to  take 
p la ce , and th a t the p resen ta tio n  o f  a h ierarchy i s  le s s  l ik e ly  to  be 
the reason for Shavelson's and P reece 's  r e s u lt s .
P rep o sitio n a l tr e es  and learning h iera rch ies  have received  much 
support. Why are  network s tru c tu res , for  example, le s s  popular,
e s p e c ia l ly  for  th ose concerned w ith  c o g n it iv e  sc ie n c e , 
in  form ation-processing and programmed learning/com puter a s s is te d  
in stru ctio n ?  I t  could be because h iera rch ies  and tr e e  stru ctu res are  
r e la t iv e ly  easy  to  produce and understand, and as Goguen (1974) says: .
"From a computer sc ie n c e  p o in t o f  v iew , the tree
rep resen tation  i s  very  convenient, but n e ts  (o r  graphs) o f  
concepts representing more complex in te r a c tio n s  among 
components might be more appropriate though l e s s  e f f i c i e n t ly  
implemented."
To con sid er whether a p a r tic u la r  rep resen tation  i s  a "true" 
rep resen tation  o f  an in d iv id u a l's  c o g n it iv e  stru ctu re  can be an 
unnecessary waste o f  tim e, e s p e c ia l ly  when considering the p resen ta tio n  
o f  su b jec t m ater ia l. I f  a s tru c tu re  can provide inform ation which can 
be used in  various teaching and learn ing a c t i v i t i e s ,  or  to  fo llo w  what 
i s  happening during the learning p rocess in  an adequate way, then th a t  
stru ctu re  has f u l f i l l e d  a v a lu a b le  function  and i s  accep tab le  as such.
Network stru ctu res which in c lu d e  r e la t io n sh ip s  between concepts, r u le s  
and axioms which an in d iv id u a l u ses in  a p a r tic u la r  co n tex t, w i l l  
probably a llow  more m eaningful fin d in gs to  be made than p ro p o s itio n a l 
tr e e s  or h ierarchy s tr u c tu r es . Network s tr u c tu r es , although  
e s s e n t ia l ly  n o n -h ierarch ica l, can be used to  obtain  h ie r a r c h ic a l  
stru ctu res  i f  i t  i s  so  d e s ir e d . M itch ell (1982) p o in ts  ou t th a t i t  i s  
p o s s ib le  to  produce a number o f  d i f f e r e n t  h ie r a r c h ic a l s tru c tu res  
depending upon a  s tu d en t's  o r ig in a l  conceptual base when they a r r iv e  a t
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the learn ing s itu a t io n . By taking th e d es ired  superordinate  
conceptual node and "shaking" the n e t  i t  i s  p o s s ib le  to  produce the  
appearance o f  a h ierarch y . This means, o f  cou rse , th a t in  a network 
stru c tu re  th ere are a number o f  d if fe r e n t  rou tes through the su b jec t  
m a ter ia l depending on the in d iv id u a l's  p r io r  knowledge and in t e r e s t s .  
This M itch e ll c a l l s  a r e t ic u la te d  curriculum .
The importance o f  recognising  in d iv id u a l co n stru ctio n s o f  knowledge i s  
becoming in crea s in g ly  popular a s , fo r  example, in  co n stru c tiv e  
a lte m a tiv ism  (Pope and G ilb er t, 1983). Norman (1973) ap p reciates the  
importance o f  recogn isin g  studen ts' network rep resen ta tion s and 
ta ilo r in g  in s tr u c tio n  to  the needs o f  the stu d en t. However, u n lik e  
M itch e ll, Norman's in s tr u c tio n a l s tra teg y  i s  th a t o f  f i r s t  constructing  
a support web stru ctu re , what may w e ll be c a lle d  an Ansubelian "advance 
organiser" , and then p ro g ress iv e ly  f i l l i n g  in  the d e t a i l s .  These are, 
th erefo re , two p o s s ib le  d if f e r e n t  s tr a te g ie s  -  a lin e a r  approach and a 
web approach. However, as Wildman (1981) sa y s:
"M aterials should be constructed  so  as to  lead stud en ts  
through a constructed  process whereby th e e s s e n t ia l  fea tu res  
or  stru ctu re  i s  prom inently d isp layed  and subsequently  
elaborated w ith  d e ta il ."
The process which teachers and e d u c a tio n a lis ts  are  concerned w ith  i s
th a t o f  easing the s tu d en t's  path to  the a c q u is it io n  o f  c le a r , d e ta ile d
conceptual s tr u c tu r es . How do computers do th is  and y e t  comply w ith
th e c o n s tr u c t iv is t 's  n otion  o f  the in d iv id u a lity  o f  the learn er and
th e ir  needs?
The function  o f  an in s tr u c tio n a l model for  laubsch (1975) i s  to  search  
th e computer's sem antic n e t, r e tr ie v e  the frames to  be taught, match 
the p r e re q u is ite s  o f  th ese  frames w ith  th e  s tu d en t's  p r io r  knowledge
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and in te r p r e t  user q u eries and answers as updates o f  the in str u c tio n a l  
m odel.
G old stein  (1979) uses a model which i s  one o f  "rule-structured"  
knowledge. Her idea  u ses a graph stru ctu re  whose nodes represent 
r u le s , and vhose lin k s  rep resen t various evo lu tion ary  re la tio n sh ip s  
such as g en era lised  co rrectio n  and refinem ent. G oldstein  i s  working 
w ith in  a learner-based paradigm rather than w ith in  an expert-based  
paradigm.
Expert-based CAI a llow s a  stu d en t to  exp lore a problem in  h is  own 
fa sh io n . However, the tu to r  has no guidance w ith  resp ec t to  vhether  
d isc u ss io n  o f  a g iven  s k i l l  i s  premature in  the co n tex t o f  those s k i l l s  
the stud en t has a lready acquired .
G o ld ste in 's  g e n e t ic  graph i s  an attem pt a t  addressing th is  l im ita t io n .  
Knowing the knowledge th a t a  stud en t h a s , whether th a t knowledge i s  
used using the CM program, and knowing whether a  p a r tic u la r  s tra teg y  
fo r  providing explanations i s  c o n s is te n t  in  in creasin g  a s tu d en t's  
knowledge, i t  i s  p o s s ib le  to  use th is  model o f  th e stud en t to  
p e r so n a lise  th e ch o ice  o f  exp lanation  s tr a te g y . The s tu d en t's  
knowledge i s  described  in  terms o f  the nodes o f  th e graph, h i s  learning  
behaviour in  terms o f  the l in k s , h i s  progress in  terms o f  the paths in  
the graph.
The mapping o f  c o g n itiv e  stru c tu res  and th e ir  subsequent use an a id  to  
learn ing i s  in  i t s  in fa n cy . Only by using models vh ich  are
learner-based rather than exp ert- or  scr ip t-b a sed  w i l l  a s u f f i c ie n t  
degree o f  f l e x i b i l i t y  and "realism" (fo r  the stud en t) be brought about.
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Chapter 7
The Development o f  Concept Maps and H ierarch ica l S tructures  
as Techniques fo r  D escribing Learning
7 .1  Introduction
In th is  chapter, I  intend to  d escr ib e  how I  have used various forms o f  
concept map and h ie r a rc h ica l stru c tu res  as a means o f  describ in g  the  
learn ing process as promoted by the POND programs.
Concept maps a tton p t to  i l lu s t r a t e  th e in te r r e la t io n sh ip  o f  concep ts. 
In th ese  s tu d ie s , I have tended to  r e s t r ic t  th e ir  use to  being  
rep resen tation s o f  learning as ex h ib ited  by in d iv id u a ls  rather than by 
groups o f  stu d en ts. I  had hoped th a t by determ ining concept 
a c q u is it io n  and the r e la t io n sh ip s  th a t concepts have in  a stu d en t’ s  
mind, I  m ight be ab le  to  ex p la in  seme o f  th e a sp ec ts  o f  th e learning  
p rocess re lev a n t to  CAL.
H ierarch ica l stru ctu res attem pt to  show common p a ttern s o f  conceptual 
lea rn in g . I f  such common p a ttern s e x i s t  then use m ight be made o f  then  
in  the d esign  o f  CAL programs to  improve the e f f ic ie n c y  o f  learn ing by 
encouraging the a c q u is it io n  o f  concepts according to  th is  p a ttern .
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CAL softw are may be structured  so  th a t concepts are presented to  
students in  a h ie r a rc h ica l manner. In the POND programs, because o f  
th e ir  modal nature, i t  might be sa id  th a t stud en ts can p a r tly  assem ble 
th e ir  own hierarchy o f  concepts by choosing a d if fe r e n t  order o f  
program modes.
CAL softw are can be designed to  impose a s t r i c t  h ierarchy (as d id  the  
programs used in  "teaching machines" for example) on i t s  u sers , o r  i t  
can be designed so  as to  a llo w  u sers o f  the program to  take from i t  
concepts in  an order th a t i s  more n atu ra l, or  m eaningful, to  th a t  
p a r ticu la r  stud en t.
To be assured th a t the d esign  o f  a CAL program, w ith  resp ec t to  the  
nature o f  the p resen tation  o f  con cep ts, i s  ed u ca tio n a lly  s a t is fa c to r y ,  
two q u estion s need to  be answered:
a) Do in d iv id u a ls  have preferen ces for  the order in  which 
concepts are presented  by softw are or i s  th ere  seme 
a lte r n a tiv e  ( fo r  example a cannon h iera rch ica l' network 
stru ctu re)?
b) Does learning take p la c e  more e f f i c i e n t ly  i f  a body o f
i
knowledge i s  presented  in  a h ie r a r c h ic a l manner or  when the  
personal ch o ice  o f  p resen ta tio n  and a c q u is it io n  o f  concepts  
i s  encouraged?
Ih ese  s tu d ie s  attem pt to  in v e s t ig a te  th ese  problems. This area  o f  
study in v o lv es  many d i f f i c u l t i e s ,  n o t le a s t  o f  which i s  th e problem o f  
hew to  determ ine whether a concept has. been le a r n t .
( s e c t io n  7 .1 )
The r e s u lt s  I s h a l l  p resen t w i l l  demonstrate many o f  the d i f f i c u l t i e s  
th a t are encountered, rather than proving or d isproving whether 
learning i s  h ie r a r c h ic a l, or  whether CAL programs should or should n ot 
encourage h ie r a r c h ic a l learn ing o f  concep ts.
7 .2  Concept Maps
7 .2 .1  The Development o f  Concept Maps for  Students using  
the POND Programs
Ihe stru ctu re  o f  concept maps in  th ese  s tu d ies  went through a number o f  
developm ental s ta g es  to  r e so lv e  variou s problems. These problems and 
d i f f i c u l t i e s  in  how the maps should be presented have n o t been 
reso lv ed . Improvements were made and, indeed, th is  dilemma led  me to  
develop  an a lte r n a tiv e  method for  i l lu s t r a t in g  the learn ing process  
(th e  In tera ctio n  Model -  chapter 8 ) .
I  i n i t i a l l y  approached the problem o f  producing a concept map (f ig u r e  
7 .1 ) which I  b e liev ed  showed the concepts which the authors o f  the  
package n o tes (Tranter and Leveridge, 1978) b e lieved  should be acquired  
by using POND-2 and the ways in  which they are in te r r e la te d . West, 
Garrard and Fen sham (1982) have c a lle d  th is  type o f  concep t map 
"intended co g n itio n s" , the p u b lic  knowledge th a t the stu d en ts  are  
expected to  acquire by attending a p a r tic u la r  educational co u rse . I t  
i s  the minimum inform ation which studen ts are expected to  acq u ire and 
r e la te  to  re lev a n t, p rev io u sly  taught bodies o f  p u b lic  knowledge.
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In the cen tr a l p a r t o f  th e map shown in  figu re  7 .1  are the concepts  
inm ediately r e la ted  to  the concept "food pyramid". To the l e f t  o f  the  
cen tra l concepts are those concerned w ith  the e f f e c t  o f  p o llu t io n  on 
the ecosystem; to  the r ig h t  are th ose concerned w ith th e e f f e c t  o f  
fish in g  an th e ecosystem . A ll  the concepts which I  b e l ie v e  are  
rela ted  are connected by l in e s .
I t  i s  im portant to  note  th a t th is  map does n o t show any preconceived  
idea  as to  th e d ir e c t io n  o f  concept a c q u is it io n . I t  a llow s fo r  both  
the g en era l- t o - s p e c i f ic  and s p e c i f ic -  to -gen era l d ir e c t io n s , or  a 
combination o f  both .
This map I  c a lle d  a "master" concept map. I  used i t  to  look  a t  the  
way by which th e  students vho had used POND-2 b u i l t  th e ir  in d iv id u a l  
conceptual s tr u c tu r es .
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Figure 7 .1 A “m aster concept map" fo r  POND-2
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The a c q u is it io n  o f  a concept by a student u su a lly  requ ires sev era l 
c o g n it iv e  a c t i v i t i e s .  For example, i t  may req u ire the r e c a l l  o f  
p rev io u sly  acquired knowledge, i t  w i l l  require the "translation" o f  the  
num erical data output by th e program, and then perhaps " in terp retative"  
a c t i v i t i e s  to  show cause and e f f e c t .  The combination o f  a c t iv i t i e s  
can be seen in  the fo llow ing ex tr a c t o f  a tr a n sc r ip t o f  my observations  
o f  a stu d en t (PN) using POND-2:
" . .  . in  phytoplankton and herbivores th ere i s  a r e la t io n sh ip  ® , 
th e  numbers o f  phytoplankton are • in creasin g  from January to  
A p ril, the numbers o f  herb ivores a ls o  in crea se , and frcm 
A p ril to  June, the numbers o f  pjhytoplankton decrease, 
follow ed by a d ecrease  in  herbivores
Ihe stu d en t had tra n sla ted  the numerical data ( 2 ) and recognised th a t
the herb ivores "follow" th e phytoplankton, and hence a re la t io n sh ip
between the two pop ulations e x i s t  ( 1 ) .  In d iv id u a l concept maps were
constructed  for  the n in e  stud en ts Who used P0NEN2 were constructed  by
examining the observation  p ro toco l sh e e ts  and th e in terv iew
tr a n sc r ip ts .
During the in terv iew , one stud en t (TS) sa id :
"In a h o t  season the p la n ts , w e ll the phytoplankton, in crea se  
in  numbers and so  do the herbivores and hence th e f is h  
because they a l l  feed o f f  each other."
From th is  s ta te n e n t the follow ing concepts can be recognised  
im m ediately:
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( i )  a h o t  season in crea ses  phytoplankton numbers,
( i i )  herb ivore numbers are  dependent on phytoplankton numbers,
( i i i )  f is h  numbers are dependent on herbivore numbers.
At the time o f  using th ese  maps, I  b e liev ed  th a t I  could a ls o  say th a t  
the stu d en t b e liev ed  th at:
( iv )  weather a f f e c t s  the ecosystem ,
(v) a l l  populations are dependent on the sun,
(v i)  the s iz e  o f  any population  i s  dependent on the s iz e  o f  o th er  
p op u lation s.
These more gen era l deductions ( iv  -  v i )  were made because the vh o le  
statem ent was concerned w ith  weather (h ot sea so n ); because the stud en t  
was d escrib in g  population changes as a r e s u lt  o f  the su n 's a c t iv i t y  
(h e a t ) ; and because the th ree population changes were in te r r e la te d  by 
the wards " . .  .and so  do the herbivores" and "hence th e f is h " .
f ig u r e  7 .2  shows the p a r t o f  the concept map Which was completed from 
th is  s tu d en t's  statem ent. A ll  o f  th e concepts were lin ked  because a l l  
o f  th e concepts were made e x p l ic i t  in  one statem ent and were thus 
r e la te d .
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Figure 7 .2  Part o f  a s tu d en t's  (TS) concept map
Seme tim es re la t io n sh ip s  were shown on the stud en t maps which I  had n o t  
thought r e le /a n t  and thus had n o t included on th e m aster map.
Figure 7 .1 ,  the m aster concept map, shows th e  frequency o f  
dem onstration o f  concepts and r e la t io n sh ip  between con cep ts. Fran 
th is  i t  i s  apparent th a t , most {8 ou t o f  9) stud en ts saw th e  way in  
which the f is h ,  herb ivores and phytoplankton p op u lation s are  
interdependent. In o th er wards, o f  th e  n in e stud en ts who used POND-2, 
e ig h t  had shown an ap p reciation  o f  th e  superordinate concept "food
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pyramid". The further the o th er  concepts were frcra the cen tra l  
concept, the le s s  frequently  they were demonstrated.
Having produced th ese  in d iv id u a l stud en t concept maps I  f e l t  th a t the  
variou s concepts could be arranged in  a more m eaningful way. Such a 
way would i l lu s t r a t e ,  a t  l e a s t  to  seme ex ten t, how the studen ts learn  
using a POND program.
I  developed various forms o f  maps which in  a d d ition  to  the concepts 
re la ted  to  the superordinate concept "food pyramid", a ls o  included the  
observations th a t a stu d en t should make to  r e a l i s e  th ese  co n cep ts . 
Various methods o f  development o f  maps were used. Various forms o f  
map were produced frcm sem antic networks, webs and meshes to  the more 
h ie r a r c h ic a lly  arranged maps. However, I  f e l t  d i s s a t i s f ie d  w ith  the  
amount o f  inform ation th a t th ese  maps could convey. They d id  n o t  
rep resen t the dynamic nature o f  the learning p ro cess .
Seme o f  the d i f f i c u l t i e s  I  had w ith  th ese  maps may have been because  
seme a sp ects  o f  the in te r a c tio n  between the stu d en t and computer 
program were n o t included on th e maps. That i s  to  say , th e maps d id  
n ot r e la te  to  the learning p rocess th a t occurred, t u t  j u s t  to  the  
"intended pedagogic p rocess" .
Figure 7 .3  shows the concept map which I  produced as a f i r s t  attem pt to  
i l lu s t r a t e  the whole learn ing s itu a t io n . This map i s  based on the  
r e a lis a t io n  that:.'Students .appear to  use a CAL'.program in  a s e r ie s  o f  
c o g n it iv e  a c t i v i t i e s  which can be v ery  sim ply i l lu s t r a t e d  as:
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ACTION---------------------- ► OBSERVATION---------------------- CONCEPTION
Such a s e r ie s  o f  a c t iv i t i e s  i s  shown in  th is  concept map (f ig u r e  7 . 3 ) .  
The a c tio n s  are placed on the b a s e - l in e  o f  the map, the ob servations on 
the n ex t l in e ,  and the variou s concepts are placed above. The 
d if fe r e n t  a c t i v i t i e s  are i l lu s t r a t e d  by various symbols togeth er  w ith  
codes which d escr ib e  the ex a ct nature o f  the a c t iv i t y .  Although the  
codes are n o t important h ere  to  understand how th e map attem pts to  
diagram atise the whole learning s itu a t io n , the symbols are  I
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rep resen ts an observation
rep resen ts an INPUT a ctio n
rep resen ts a h yp oth esis p u t forward
rep resen ts a deduction
rep resen ts a f e e t  r ec a lle d  frcm manory
can be taken to  mean " related  to"
can be taken to  mean "leads to"
-  247 -
7 .3
Example o f  a m aster concept map for  POND-2
\ s t x , i —LWii / » ^ t x y
The stud en ts' maps were constructed  from the stud en ts' p ro to co l sh eets  
and the Interview  tr a n sc r ip ts . Figure 7 .4  shows a ty p ica l s tu d en t's  
concept map obtained t y  th is  method.
Although I  f e l t  th a t th is  form o f  map was mare su c ce ss fu l in  showing an 
elem ent o f  the dynamic nature o f  the learning p ro cess , i t  was s t i l l  n o t  
com plete. More d e t a i l  was required o f  th e way the stud en ts use CAL 
programs. Mare d e t a i l  o f  the a c tio n s  (th e  INPUT v a lu es) were thus 
inclu ded . Because o f  th e lim ited  space w ith in  the INPUT 
symbol 
. example:
2D = Chose 0 h erb ivores  
2E = Chose 1 to  25 h erb ivores  
2F = Chose 26 to  50 h erb ivores  
This fa c i l i t a te d  a g rea ter  understanding o f  Why, for example, 
observations were made. I  a ls o  in creased  the number o f  r e le v a n t  
observations on my master map Which I  thought to  be im portant in  the  
development o f  a complete conceptual s tr u c tu r e . Far stu d en t maps I  
included a l l  observations made. In a d d ition  to  the grea ter  d e t a i l  o f  
the INPUT v a lu es  and observations included on the map, I  decided  th a t  
i t  would be b etter  to  group a l l  ob serv a tio n s, deductions e t c .  leading  
bo the formation o f  a p a r ticu la r  concept.
the INPUT v a lu e s  were g iv e n  in  a g en era l way. Far
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o
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Figure 7 .4 Example o f  a concept map resu lt in g  fran a s tu d e n t's  
u se o f  POND-2
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The student maps produced by th is  method thus included a l l  observations  
made, and whether or  n o t they apparently led  or d id  n o t lead to  the  
formation o f  a concept. Ihe record provided by a s tu d en t's  concept 
map might thus shew th a t a p a r tic u la r  student was capable o f  observing  
a la rg e  number o f  ev en ts , but n o t so capable o f  producing concepts from 
those ob servation s.
In producing concept maps for  th e stud en ts using th is  method, I  decided  
th a t two more m od ifica tio n s were necessary  to  make the maps more 
com plete. Ih e  f i r s t  o f  th ese  was the in c lu s io n  o f  concepts which had 
n o t been made e x p l i c i t  by the stu d en ts. The nature o f  th ese  concepts  
being ind icated  by variou s ob servation a l statem ents. For example, in  
the statem ent:
'
"The herb ivores are  in creasin g  because th ere are n o t  so  many 
f is h  arou n d ." ,*
Ihe student has made h ere  two observation  statem ents: the herb ivore  
numbers were in creasin g ; th e number o f  f is h  had d ecreased . Ihe two 
observations have been lin ked  by the student w ith  the word "because" 
vhich  im p lies th a t the stu d en t had a notion  o f  how the f is h  a f f e c t  the  
h erb ivores. I h is  concept would probably in c lu d e  an id ea  th a t th e  
herbivores were predated upon by the f is h , but w ithout supporting  
evidence such a su p p osition  as to  the nature o f  th e concept should n o t  
be made and included on a s tu d en t's  map. In stead , I  decided to  m erely  
in d ic a te  th a t a concept o f  unknown id e n t ity  e x is te d  w ith  the
could make an "educated" g u ess a t  the nature o f  
the concept, I  in c lu d e  the code number o f  the appropriate concept, fo r
Ih e s ta te n e n t above made by th e  stu d en t would thus 
be represented:
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The second n o t if ic a t io n  vh ich  I  f e l t  vas n ecessary  to  make was the  
in c lu s io n  o f  m isconceptions or  " a ltern a tiv e  con cep tion s" , shown 
, where 'M' in d ic a te s  a m isconception, and th e number i s  aas Ml
code s p e c i f ic a l ly  referred  to  on the p ro to co l s h e e t s .  These 
m isconceptions are ju s t  a s  im portant as the conceptions vh ich  an expert 
would regard as being v a lid  in  th a t s itu a t io n . . F igure 7 .5  shows the  
ccncept map fo r  the same stu d en t as the map shown in  fig u re  7 . 4 ,  but 
produced according to  the methodology ju s t  d escr ib ed .
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Figure 7 .5 A S tu d en t's Concept Map
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7 . 2 . 2  The Success o f  Concept Maps in  the A n alysis  o f  C hronological 
Episodes in  the Learning Process
The concept maps produced by th is  l a s t  methodology were found
inadequate fo r  a number o f  reasons. In seme ca ses  they are extrem ely
canplex and thus d i f f i c u l t  to  in te r p r e t . I  f e l t  th a t even w ith a l l
the d e t a i l  I  had included they d id  n ot rep resen t what I  thought had
been happening in  the program runs. N either d id  they con ta in  a l l  the
inform ation th a t I  f e l t  should be included , but to  in c lu d e  more wDuld
in crea se  th e com plexity o f  the maps beyond a l l  understanding. Of
course, i t  could be argued th a t th ese  maps rep resen t the s o r t  o f
conceptual com plexity th a t one would expect fo r  such a  body o f
knowledge.
These maps rep resen t a summary o f  th e vh o le  learning s itu a t io n . One 
g r e a t  inadequacy o f  th ese  maps i s  th a t the rou tes o f  conceptual 
development appeared on the maps vhich were the resu lt: o f-co n str u e  ting  
the map and n o t a method o f  conceptual development observed to  take  
p la ce  during learn in g . In o th er  WDrds, the maps were ambiguous and 
d ecep tiv e .
«
G la n v ille  (1981) has found the same so r t  o f  d i f f i c u l t y  w ith  h is
co n stru ct h e te r a rc h ie s . He says:
"This am biguity comes about a f t e r  the even t. That i s  to  say , 
th e am biguity i s  n o t in  the fig u re  (or  in  the procedure for  
i t s  production) as i t  i s  made, but i t  becomes apparent vhen 
the fig u re  i s  looked a t  a s  a fin ish ed  o b je c t , from an 
ex tern a l p o in t o f  view ."
G la n v ille  recommends th a t the cause o f  the am biguity, the g rap h ica l
rep resen tation , be overcame by representing the concep ts (con stru cts)
by i t s  means o f  combination or in te r a c tio n .
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In co n c lu sion , although th ese  la t e r  concept maps were for more 
s a t is fa c to r y  than the e a r l ie r  ones, I  f e l t  th a t concept maps were n o t  
the way to  an a lyse  the data I had a v a ila b le  i f  I  wanted to  determ ine 
how stu d en ts learn  and how th is  i s  re la ted  to  the c h a r a c te r is t ic s  o f  
the CAL program stru ctu re .
The maps I  produced were a f in a l  and to t a l  rep resen ta tion  o f  vh at the  
students had achieved during th e ir  program run.
These maps, however, did not show the episodic, or chronological, 
development of the various concepts. I could not, for example, 
determine how a particular characteristic' of a program affected the 
learning process. Also the maps were complex, difficult and ambiguous 
to interpret.
-  255 -
7 .3 The E lucidation  o f  H ierarchies
In th ese  s tu d ie s  I  i n i t i a l l y  id e n t if ie d  e ig h t  concepts which I  thought 
were the major concepts en ta iled  w ith in  th e  concept "food pyramid", and 
which thus form an important p art o f  the model used for the POND 
programs.
In the pre- and post-run  in terv iew s I  asked the stud ents to  d e f in e  the  
term "food pyramid" (se e  a ls o  5 .4 ) .  Ercm th ese  d e f in it io n s ,  and other  
sta ta n en ts  made during the in terv iew s, i t  was p o s s ib le  to  say whether a 
stu d en t p ossessed  each o f  the e ig h t concepts b efore  and a f te r  th e ir  
program run. Figure 7 .6  shows the frequency t y  which each o f  th e  
concepts were shown to  be possessed  by stu d en ts in  th ese  s tu d ie s .  The 
l e v e l  o f  frequency can be taken as an in d ic a tio n  o f  subardinancy; th e  
m ost subordinate concepts being most freq u en tly  dem onstrated.
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Concept
(N=)
-2
(9)
-QU
(9)
-GAME
(7)
-2HELP
(10)
TOTAL
(35)
a . organisms interdependent. 3-7 3-6 0-6 1-10 7-29
b . interdependence shown by 3-6 •2-5 3-6 4-9 12-26
feeding h a b its .
c .  herb ivores feed on 5-7 4 -7 5-7 6-5 20-26
phytoplankton.
d . f i s h  feed on h erb ivores. 5-8 4-7 4-7 6-7 19-29
e . number o f  plankton > than 0-3 1-3 1-5 3-5 5-16
herbivores > no. o f  f i s h .
f .  phytoplankton 5-6 4-7 0-6 2-5 11-24
photosyn t h e s is e .
g .  a l l  populations depend on 
the sun. ; ;; •-
0-2 0-0 1-2
1
1-3
i
2-7
h . phytoplankton numbers 0-1 0 -0 • 0-1 0-0 0-2
governed by environment.
(The above fig u res  (x-y) in d ic a te  the number o f  stud en ts vho showed 
p o ssessio n  before (x) and a f t e r  (y) th e ir  program run).
Figure 7 .6  Frequency o f  Concept P o ssessio n  by Students using
the PCM) Programs
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In the h ierarchy there i s  a d i s t in c t  p o s s ib i l i t y  o f  concept "islands"  
(G oldstein , 1979) being p resen t. Concept "islands" occur where th ere  
are two very  s im ila r  con cep ts, for example " fish  e a t  herbivores" and 
"herbivores e a t  phytoplankton". Two such groups o f  concepts could  
e x is t  h ere , concepts (a) and (b) forming one such is la n d , and concepts 
(c) and (d) forming another. In an attem pt to  determ ine the b e s t  
l in e a r  order o f  concep ts, th a t i s  the most appropriate lin e a r  
h ierarchy, a lin e a r  reg ress io n  a n a ly s is  o f  variou s orders for  th e  
concepts was performed, a s  shown in  ta b le  7 .7 .
Arrangement
number
Concept order lin e a r  
reg ressio n  
c o e f f ic ie n t ,  r
1 2 3 4 5 6 7 8
1 d c f a b e q h -0 .9 4 1
2 c/d a /b f ; e h - ■< -0 .9 6 2  ,
3 c /d f a /b e g h -  • - -0 .9 5 8
4 d c a /b f e g h - -0 .9 4 6
5 c/d a b f e g h -0 .9 4 0
Figure 7 .7  l in e a r  R egression C o e ff ic ie n ts  o f  a Number o f
P o ss ib le  Linear Concept H ierarch ies for  POND-2, 
PONDQU and PONDGAME
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Ih e most l ik e ly  h ierarchy fo r  POND-2, PONDQU and PONDGAME, from the  
lin e a r  regression  c o e f f ic ie n t s  g iv en  in  fig u re  7 .7  would appear to  be:
C© ~^)—* ( © ^ ) — * 0 — -*0— *0"— * 0
In other words, th e stud en ts f i r s t l y  appreciate the feeding h a b its  o f  
the f is h  and h erb ivores; then app reciate  th a t the pond organisms are  
interdependent; then work o u t th a t the phytoplankton must be  
ph otosyn th etic; then canes an ap p reciation  o f  the r e la t iv e  s iz e s  o f  the  
p op u lation s, a deduction th a t a l l  populations are dependent on th e sun 
and th a t th e plankton numbers a re  dependent on the sun.
Thee h ierarch y  appears to  be somewhat d if fe r e n t  for P0ND2HEIP where the  
h ierarchy appears to  have th e order o f  the f i r s t  two concept is la n d s  
reversed:
—•“(©/t))—-*©—*0—*0—-*0
Ihe order has a lin e a r  reg ressio n  c o e f f ic ie n t  o f  -0 .9 3 8 . A h ig h er  
l in e a r  regression  c o e f f ic ie n t  (-0 .9 6 4 ) can be obtained by separating  
. the concepts in  the two is la n d s  thus:
0---*0---*(d)---*0)---—"*0-------*0“^ 0
Ihe change in  h ie r a r c h ic a l a c q u is it io n  o f  concepts encouraged by th e  
stru ctu re  o f  th is  program, probably la r g e ly  re la ted  to  the q u estio n s  
posed and to  a le s s e r  e x ten t to  the h e lp  provided.
-  259 -
(se c t io n  7 .3 )
Figure 3 .4  showed the h ierarch y  o f  concepts th a t I  decided to  p resen t  
in  P0ND2HEIP. At the s t a r t  o f  the h ierarchy was th e concept o f  the  
r e la t iv e  s iz e s  o f  the three populations in  the pond, follow ed t y  the  
concept th a t the pond organisms are interdependent, and then t y  the  
s p e c if ic  concepts d escrib in g  how the pond organisms a re  interdependent, 
and then t y  the s p e c if ic  concepts describ ing how th e  organisms are  
in terdependent (" f ish  feed on herbivores" and "herbivores feed on 
phytoplankton").
By p resen tin g  the concept "that organisms in  an eco sy sten  are  
interdependent" in  the program as a subordinate concept seems to  have  
encouraged i t  to  be demonstrated more frequently  (and thus be more 
subordinate) t y  th e stud en ts using P0ND2HELP than t y  th ose students  
using the o th er  three POND programs.
A conceptual h ierarchy r e la ted  to  a learning package which has been 
obtained from in terv iew  data  must be scmewhat q u estio n a b le . A 
h ierarch y  derived  from data obtained from observation  p r o to c o ls  should  
be c lo s e r  to  the r e a l s itu a t io n . Even th is  method must be open to  
seme q u estion  as one cannot be cer ta in  th a t the in d iv id u a l being 
stud ied  i s  revea lin g  a l l  th a t they see  and find  ou t about the  
sim ulation  model, nor i s  any statem ent made in d ica tin g  a p ercep tion  or  
conception made a t  the a c tu a l time th a t the p ercep tion  or conception  
was made.
In th ese  s tu d ie s  variou s methods were used to  d e r iv e  h ie r a r c h ic a l  
s tr u c tu r es . Appendix 16 shows th e order in  which th e  stu d en ts using  
the four POND programs donenstrated various concepts r e le v a n t to  the
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food pyramid concept and the sim u lation  model used in  the POND 
programs.
To unravel a lxanching, or tr e e , h ie r a r c h ic a l stru ctu re  from the order 
in  vh ich  stu d en ts appear to  acquire concepts i s  extrem ely d i f f i c u l t ;  
a ls o , as I  hope to  show, the h ie r a rc h ica l stru ctu re  obtained i s  open to  
seme q u estio n .
The method described  below i n i t i a l l y  provides a lin ea r  h ierarch y  fir cm 
which a "tree" form can be derived:
Stage 1:
The observation  p ro to co ls  o f  the stud en ts' program runs and the  
supporting inform ation from post-run  in terv iew  data in d ic a te  the order 
in  vhich  stu d en ts demonstrate (and thus acquire?) the v a r io u s  co n cep ts. 
Stage 2:
A ta b le  i s  prepared shewing the frequency w ith  vh ich  each concept 
precedes a l l  other concepts demonstrated by each o f  th e stu d en ts  using 
a POND program. For example, i f  a to t a l  o f  f iv e  r e le v a n t concepts are  
demonstrated by students using a program, then the ta b le  would c o n s is t  
o f  a 5 x 5 m atrix thus:
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1 2 3 4 5
On t h is  ta b le , the nunber o f  tim es each o f  the concepts precedes each  
o f  the o th er  concepts i s  noted . Precedence need n ot be im nediate  
precedence, but m erely being demonstrated e a r l ie r  than another concept. 
Bor example, i f  a student dancnstrates the fo llow ing order o f  concept 
a c q u is it io n :
3, 2, 1 , 4 , 5
Where concept 3 precedes concepts 2 , 1 , 4 and 5 , t h is  would be noted on 
the ta b le  a s :
 __  1 2 3 4 5
JL________ _ _______ __
_2_____________
3 1 1  1 1
4 _______
5________ _________
v - ■
This process i s  then repeated for  the second concept, then for  the  
th ird , fourth and so  on. The r e su lt in g  ta b le  would new have the  
follow ing appearance:
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1 2 3 4 5
1 1
1 1
1 1 1 1
T his process i s  repeated for  a l l  o f  the stud en ts using a p a r tic u la r  
program so  th a t a com posite ta b le  i s  produced thus:
1 2 3 4 5
1 1 1 3 5
2 3 2 4 6
3 4 2 4 5
4 2 1 1 3
5 1 0 1 1
Stage 3:
The number o f  tim es each concept precedes a l l  o th er concepts i s  
ca lcu la ted  by sunming the v a lu es  on each h o r iz o n ta l row o f  th e ta b le  
th u s:
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1 2 3 4 5 Sum
1 1 1 3 5 10
2 3 2 4 6 15
3 4 2 4 5 15
4 2 1 1 3 7
5 1 0 1 1 3
The concepts w ith  the h ig h e s t  summation v a lu e  would be those vh ich  
precede the other concepts most freq u en tly , and thus vhich would be  
found e a r lie r  in  a lin ea r  h ierarch y . They would be the concepts  
vh ich , for a p a rticu la r  group o f  stu d en ts, precede the other concepts  
most frequently .
Eton the summation v a lu e s , a h ie r a r c h ic a l l i s t ,  a lin ea r  h ierarch y , o f  
concepts can be produced. Those concepts having equal summation 
va lu es  are placed beg ether in  the h ierarch y  and thus shown to  have  
equal precedence, as do, for example, concepts 2 and 3 in  the fo llow ing  
lin ea r  h ierarchy prepared from the previous ta b le :
| ,  1 , 4 , 5
Stage 4:
Elrcm th is  lin ea r  h ierarchy an attem pt a t  producing a branching or 
"tree" h ierarchy can be made. This h ierarch y  w i l l  have a number o f  
l e v e l s .  The base l e / e l  i n i t i a l l y  c o n s is t s  o f  th ose concepts v h ich  
have been shown NOT to  precede any other concep ts, th a t i s  th o se  
concepts vhich are on ly  found a t  the end o f  the h ie r a r c h ic a l l i s t .
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S tage 5:
The map i s  then b u i l t  up t y  taking those concepts o f  the n ex t low est  
frequency and placing them on the n ext h ig h e s t  le v e l  o f  the map. I f  
th ese  concepts precede any o f  th e concepts on th e low est le v e l  or a t  
the same le v e l ,  th is  i s  shown t y  an arrow connecting the two concep ts, 
for example thus:
This process i s  continued for concepts o f  a l l  h igher freq u en cies, a l l  
precedences to  concepts on lower le v e ls  or the same le v e l  being shorn 
t y  arrows. I f ,  however, a p a r ticu la r  concept precedes a concept say  
two le v e ls  below as w e ll  as another concept im m ediately below vh ich  
i t s e l f  precedes the same concept, the on ly  an in d ir e c t  precedence i s  
shown. For example, i f  concept A precedes concepts B and C, and B 
precedes C; A i s  on ly  shown to  precede B, and B i s  shewn to  precede C. 
Stage 6:
Ih e r e s u l t  o f  sta g e  5 can be a complex diagram vh ich  has many arrows 
in d ica tin g  r e la t io n sh ip s  t y  precedence.t This *diagram -may a ls o  show 
concepts on the same le v e l  although one may be preceded t y  sev e r a l  
oth ers , and another may n o t be preceded ty  any. The n ex t s ta g e  i s ,  
th erefore , to  reco n stru ct the diagram so  th a t the le v e l s  o f  th e  map 
s t a r t  w ith those concepts vhich ONLy PRECEDE other concepts and are  n o t  
preceded (th ese  concepts can e a s i ly  be recognised  because they do n o t  
have arrows pointing towards them. These concepts can be regarded as  
those vhich are e s s e n t ia l  p r e re q u is ite  concepts for a p a r ticu la r  area  
o f  conceptual development. Those concepts vhich are im m ediately above
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are then shown, the p rocess being repeated u n t i l  the low est le v e l  
concepts are reached. This reordering o f  the diagram u su a lly  means 
th a t th ose concepts vh ich  do n o t appear to  precede any o th er concepts  
a re  found on d if fe r e n t  l e v e l s  o f  the map.
Stage 7:
The re la tio n sh ip s  between p a ir s  o f  concepts are now examined in  more 
d e t a i l .  I f  a concept on a h ig h er  le v e l  i s  found (from the precedence  
ta b le  created  t y  s ta g e  3) to  precede a concept on the n ex t lo w est le v e l  
fewer tim es than the lower le v e l  concept precedes the h ig h er  le v e l  
concept, the two are interchanged. I f ,  for  example, concept A 
precedes concept B tw ice , and concept B precedes A four tim es, B i s  
shown to  precede A on the diagram.
Stage 8 : .
When concepts are interchanged as in  sta g e  7 , the concept p laced  a t  the  
h ig h er  le v e l  must be examined to  s e e  whether i t  precedes any concepts  
on th e  lower le v e ls  vh ich  have n o t y e t  been shown. New r e la t io n sh ip s  
m ight thus be shown, and s ta g e s  7 and 8 might have to  be repeated  
se v e r a l tim es u n t i l  a co n sta n t diagram r e s u lt s .
F igure 7 .8  shows the l in e a r  h ie r a r c h ie s  obtained t y  carrying o u t s ta g es  
1 to  3 fo r  each ofitherPOND programs.' '^ , . : .
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H ierarch ica l
le v e l
POND Program
POND-2 PONDQU PONDGAME P0ND2HELP
1 7 9 7 7
2 1 25 9 9
3 20 7 33 13
4 21 26 20 20
5 18 20 13,31 8
6 31 29 11 ,15 ,43 6 ,2 2 ,4 6
7 37 6 ,8 ,1 1 44 ,14 ,2 1 ,1 0 1 0 ,1 4 ,4 7 ,1 8
8 6 ,1 9 ,2 2 28 24
9 9 ,1 4 1 ,1 8 ,1 9 ,3 1 2 1 ,3 4 '
10 34 21,41 11 ,1 5 ,2 6
11 30,15 4 2 ,2 2 ,2 7 ,3 5 ,3 7 31 ,2 3 ,1 6
12 4 ,5 1
13 8 ,2 3 ,3 5 ,3 9
14 10,36
15 11 ,16 ,32
16 ' 33
17 38 ,24 ,40
(N.B. the numbers r e fe r  to  p a r tic u la r  concepts which are d escrib ed  in  
appendix 17)
Figure 7 .8  Linear h ie r a rc h ie s  o f  v a lid  and in v a lid  concepts
demonstrated t y  the students using each o f  th e POND 
programs
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Fran fig u re  7 .8  i t  can be seen th a t there i s  very  l i t t l e  in  carman 
between each o f  the l in e a r  orders o f  concepts, excep t th a t concept 7 
("herbivores a re  dependant [fee d  on] phy toplankton") i s  the f i r s t  in  
the order for  three programs (POND-2, PONDGAME and P0ND2HELP) • 
Concept 9 (" f ish  are dependent on [feed  on] herbivores") i s  the f i r s t  
in  the order fo r  PONDQU, and second for PONDGAME and P0ND2HELP. 
Concept 20 ("weather a f f e c t s  the ecosystem") i s  th e  on ly  o th er  one 
vhich appears to  be c o n s is te n t ly  ea r ly  in  the h ie r a r c h ic a l order (th ird  
for POND-2,, fourth fo r  PONDGAME and P0ND2HEIP, and f i f t h  fo r  PONDQU).
Using the method described  h ere  to  determine a l in e a r  h ierarch y  
demonstrated t y  a  group o f  stu d en ts during th e ir  u se  o f  a p a r tic u la r  
CAL program does presuppose th a t a l l  the students acq u ire  a p a r tic u la r  
group o f  r e la ted  concepts in  a s im ila r  order. I f ,  however, concepts  
are acquired in  d if f e r e n t  orders and arrangements depending on p r io r  
experiences, in t e r e s t s  e t c .  ( th a t  i s ,  th ere i s  a p erson a l co n stru ctio n  
o f  knowledge) then one could exp ect a number o f  d i f f e r e n t  orders to  be 
shown. This would mean th a t th e l in e a r  h ierarchy obtained fo r  a  group 
o f  stud en ts would be a jumble o f  in d iv id u a l h ie r a r c h ie s  w ith  l i t t l e  
consequent meaning.
The f e e t  th a t  concepts 7 , 9 and 20 are n o ticea b le  in  th a t they  fea tu re  
as r e la t iv e ly  subordinate concepts for  those using each o f  the POND 
programs would appear to  in d ic a te  th a t they are subordinate concepts  
for most o f  th e  stud ents in  th ese  s tu d ie s . These concep ts are  th e  
obvious and n o tic e a b le  ones. There i s  an obvious sea so n a l v a r ia t io n  
o f  the th ree pop ulations (concept 2 0 ) . I t  becomes obvious th a t the  
organisms feed on each oth er and th a t f is h  feed on h erb iv o res  (concept 
9) and h erb ivores feed on phytoplankton (concept 7) should became
-  268 -
(se c t io n  7 .3 )
o tv iou s w ith  perhaps seme experim entation w ith , and observation  o f ,  the  
sim ulation model.
Of the 35 stu d en ts p a r tic ip a tin g  in  th ese  s tu d ie s , there was sane area  
o f  cannonality  in  the order in  vhich concepts were dencnstrated  
(acqu ired?). Figure 7 .9  shows the frequency by vhich th e  i n i t i a l  
v a lid  concepts were dencnstrated .
Concept no. 1 7 9 11 13 14 —  16 18 19 20 21 22 None
Frequency 3 8 4 2 1 1 1 3 1 5 1 1 4
Figure 7 .9 Frequency by vh ich  concepts are  dencnstrated  f i r s t  
during a s tu d en t's  program run using the POND 
programs
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Fran figu re  7 .9  i t  i s  obvious th a t o f  the to t a l  o f  47 v a lid  and in v a lid  
concepts dencnstrated by stud en ts using the POND programs in  th ese  
s tu d ie s , s ix  concepts (1 , 7 , 9 , 11, 18 and 20) were dencnstrated  f i r s t  
by 25 stu d en ts. This in d ic a te s  th a t sane kind o f  h ie r a rc h ica l  
a c q u is it io n  o f  concepts i s  taking p la c e , a t  l e a s t  in  the e a r ly  s ta g es  
o f  th e ir  use o f  a CAL program.
In ad d ition  to  th is  finding th a t th ere i s  sane s im ila r ity  in  the  
i n i t i a l  concepts dencnstrated , i t  can be seen in  appendix 16 th a t for  
those stud en ts dencnstrating the same. i n i t i a l  concept th ere i s  l i t t l e  
in  cannon in  the order in  vh ich  oth er concepts are d en cn stra ted .
Concepts 7 and 9 are o ften  demonstrated (acquired?) ch ro n o lo g ica lly  
very c lo s e  to  one another. I  have already sa id  th a t th ese  two 
concepts may be regarded as a concept "island"; once one i s  acquired  
then the oth er may a ls o  be acquired very  soon afterw ards.
It is probably therefore incorrect to say that the structure of a CAL 
program can force a hierarchical acquisition of concepts on to an 
individual. There may, however, be a slight influence, but one which 
has no great effect on learning.
I f  any o f  the POND programs were to  encourage the a c q u is it io n  o f  
concepts according to  a p a r tic u la r  h ierarch y  then i t  would be PONDQU 
and/or POND2HEIP. Both were designed to  encourage th e a c q u is it io n  o f  
concepts according to  a c e r ta in  h ierarch y . PONDQU attem pted to  do 
th is  by posing q u estion s vh ich  needed a c o rr e c t answer b e fo re  the  
stud o a t could progress on to  experim enting further w ith  th e s im u lation
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model. POND2HEIP would on ly  encourage a h ie r a r c h ic a l a c q u is it io n  o f  
concepts i f  th e students d esired  h e lp  in  how they should u se the  
program. Figure 7 .10  shows th a t POND2HELP does n o t impose i t s  
hierarch y  on to  the students using th e program.
Concept
no. 
P o s it io n  in
1 2 3 4 6 7 9 11 14 15 16 18 19 24
provided
hierarchy
2 3 8 6 7 5 4 1 12 13 13 10 9 11
P o s it io n  in
h ierarchy
demonstrated
12 6 1 2 10 7 10 11 7 8
Figure 7 .10 A canparison o f  a provided h ierarch y  w ith  th a t  
exh ib ited  by stud en ts using POND2HF.TP
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Not one o f  the stu d en ts using P0ND2HETP showed an order o f  concept 
a c q u is it io n  th a t resenbled in  any way the h ierarch y  presented t y  th a t  
program. T his program however was designed n o t to  impose a  
h ie r a r c h ic a l a c q u is it io n  o f  concepts on i t s  u sers  s in c e  i t  was found 
w ith  th ose  stud en ts using PONDQU - th a t th is  - reduced the amount o f  
experim entation e x h ib ited . P0ND2HEIP i s  a b le  to  o f f e r  h e lp  vh ich  i s  
designed to  be a t  a s u ita b le  l e v e l  as determined t y  the answers 
provided to  q u estion s posed according to  the s ta te d  h ierarch y . Only 
i f  a  stu d en t has formed concepts s o le ly  according to  the advice  g iv en  
on req uest might s /h e  e x h ib it  an order o f  concept a c q u is it io n  s im ila r  
to  th a t used in  design in g  the program.
PONDQU was designed so  as to  encourage the stud en ts to  acquire the  
e s s e n t ia l  concepts a s  they progressed through each o f  the four modes o f  
the program. The q u estion s vhich required answers to  be provided t y  
the stud en t through th e keyboard, had to  be ev en tu a lly  answered 
c o r r e c tly  before  they could return to  the sim ulation  p a r t o f  the  
program.
Students using PONDQU exh ib ited  a range o f  modal ord ers. I f  the  
stru ctu re  o f  the program were to  in flu en ce  th e order in  vh ich  the  
concepts are  acquired, then i t  must be expected th a t cne should find  
d if f e r e n t  orders o f  concept a c q u is it io n  depending on the order in  vh ich  
the modes o f  the program are used.
-  272 -
( s e c t io n  7 .3 )
Modal order 
Expected order 
Obtained order
I 4 2 3
II  4 9 7 26 23 6 
41 42
Modal order 
Expected order 
Obtained order
1 2  3 4 
11 7 6 26 23 
9 26 6 26 8 '  7 21 
9 27
19 7
20
11 7 9 1 21 22
Modal order 
Expected order 
Obtained order
1 4  3
11 4 9 7 26 23
20 25 26 9 7 28 8 18 19 21
Modal order 
Expected order 
Obtained order
3 4 1 2
26 23 11 4  9 7 26 23
35
Modal order 
Expected order 
Obtained order
2 4 1 3  
9 7 6 26 23 11 4 
31 7 37
Figure 7 .11 A canparison o f  expected and obtained concept 
orders for  stu d en ts using PONDQU
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As w ith  POND2HELP, there appears to  be l i t t l e  evidence (f ig u r e  7 .11) to  
show th a t the program stru ctu re  i s  a ffe c t in g  in  any marked way the  
order in  vh ich  concepts are demonstrated during the use o f  the  
sim u lation .
Figures 7 .12  to  7 .15  show th e branching h ie r a rc h ie s  obtained t y  the  
method described  h ere (s ta g e s  4 to  8) for each o f  the four PCM) 
programs. Although the concept maps for  the four PCM) programs show 
seme s im ila r ity  and appear to  show seme understandable r e la t io n sh ip  
between concepts, there are p a rts  o f  each o f  th e maps th a t do n o t  
appear to  dem onstrate in te r r e la t io n sh ip s  between concepts th a t one 
would normally expect to  be d ir e c t ly  r e la te d . For example, in  the  
h ierarch y  for  POND-2, the two concepts " p o llu tion  lead s to  a d e c lin e  in  
f is h  numbers" and "primary producers trap so la r  energy" are r e la te d .
These lin e a r  and branching h ie r a rc h ie s  are o f  in t r in s ic  in t e r e s t  in  
th a t they probably dem onstrate th a t:
individuals can vary considerably in the range of concepts that they 
demonstrate and the order in which they acquire them. However, they 
do not seem to be capable of extensive use in the evaluation and design 
of CAL programs.
These h ie r a rc h ies  have shown th a t the concepts o f  carmen subordinancy 
are th ose concerned w ith  the d ir e c t  in te r r e la t io n sh ip  o f  the three  
troph ic le v e ls  in  the ecosystem , th a t i s ,  vh ich  pop u lation s feed on 
each o th er . I t  appears th a t once th ese  feeding r e la t io n sh ip s  are  
sorted  ou t, in d iv id u a ls  can acqu ire concepts in  a  v a r ie ty  o f  orders as  
w e ll as ex h ib itin g  the a c q u is it io n  o f  d i f f e r e n t  "sp>ectra" o f  con cep ts.
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Figure 7 .12  Hierarchy o f  Concepts for  stu d en ts using POND-2
(FOR CONCEPT DESCRIPTIONS SEE APPENDIX 17)
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Figure 7*13 Hierarchy o f  Concepts for stu d en ts using PONDQU
IFOR CONCEPT DESCRIPTIONS SEE APPENDIX 17)
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3 3
Figure 7 .14 Hierarchy o f  Concepts for students using PONDGAME
(FOR CONCEPT DESCRIPTION SEE APPENDIX 17)
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7 .4  Concept Maps and H ierarch ica l S tructures as an E valuative Tool
Ihe use o f  concept maps and h ie r a r c h ic a l s tru c tu res  as an ev a lu a tiv e  
to o l in  th ese  s tu d ie s  had l i t t l e  _ su ccess. I  had n o t designed the 'way 
in  vhich I  had observed stud en ts and la te r  in terview ed than to  obtain  
s p e c if ic  inform ation concerning how the concepts were h ie r a r c h ic a lly  
acquired and to  determ ine th e ir  r e la t io n sh ip  w ith o th er  concep ts.
Seme s tu d ies  ( fo r  example, West, Fensham and Garrard [19823; D iekhoff 
and D iekhbff [1982]) s e t  ou t to  determ ine the degree o f  
in ter r e la t io n sh ip  between con cep ts. This in  i t s e l f  can be a learning  
process fo r  the stu d en t as in d ica ted  t y  the nunber o f  "Ah Ahl" 
s itu a t io n s  th a t are  quoted. The research q u estion  in  d escrib in g  the
conceptual s tru c tu re  o f  a learn er should be concerned' w ith  th e
conceptual lin k s  th a t  a stud en t u se s , rather than one concerned w ith
the lin k s  th a t can be in i t ia t e d  t y  the q u estion  posed t y  the
researcher.
Concept formation and i t s  acccnmadaticn in to  th e e x is t in g  conceptual 
stru ctu re  should be follow ed t y  a  c lo s e ,  c l in i c a l ,  d e ta ile d  observation  
o f  learning under normal learn ing co n d itio n s . The dynamics o f  the  
process need to  be d escr ib ed , th e  fe e  tors in flu en c in g  the p rocess are  
important. Students need to  be encouraged to  ta lk  as they learn  so  
th at the researcher has the f u l l e s t  inform ation p o s s ib le  frcm vh ich  
they can analyse th e process and d escr ib e  the fe e  to r s  in te r fe r in g  or  
in fluencing lea rn in g .
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Seme o f  th e d i f f i c u l t i e s  encountered in  th ese s tu d ie s  may be r e la ted  to  
th is  la ck  o f  s u ita b le  inform ation. I f  I were to  rep eat th is  area o f  
ny s tu d ie s  I  would c e r ta in ly  attem pt to  encourage a l l  the p a r tic ip a tin g  
studen ts to  " ta lk  a s  they learn" . I  am uncertain  how th is  
encouragement would 7 be - provided - to  ensure the n ecessary  "running 
carmentary". Not a l l  stud en ts f e e l  ab le  to  do so . However, to  
prevent th ese  people from p a r tic ip a tin g  would mean th a t on ly  a p a r t ia l  
p ic tu re  could be obta ined .
Both th e  concept maps and h ie r a rc h ica l stru c tu res  obtained in  the  
s tu d ie s  showed the p erson al nature o f  learn in g .
Although learning appeats to he a personal experience, these studies 
have shown that where a flexible programme of learning occurs, most 
people begin by acquiring somewhat similar concepts, by producing a 
similar "conceptual base". Once this base has been acquired, learning 
appears to take a number of paths depending very much on. “the 
individual.
There is very little evidence from these studies to show that program 
structure, such as the hierarchical presentation of concepts, will 
influence conceptual learning to any marked extent. . 1 . .v
Program stru ctu re , on the oth er hand, may be a b le  to  in f lu e n c e  the  
c o g n itiv e  p rocesses and f a c i l i t a t e  or in h ib it  conceptual le a r n in g . 
This i s  considered in  the n ex t chapter.
Chapter 8 
The In tera ctio n  Model o f  Learning
8 .1  Introduction
In the l a s t  chapter I  describ ed  how I  attempted by using concept maps 
to  demonstrate the way in  which students acqu ire a p a r tic u la r  body o f  
knowledge. In terms o f  th e a b i l i t y  o f  such a method for  representing  
knowledge acquired by a dynamic process o f  a stu d en t in ter a c tin g  w ith  a 
computer program, concept maps were found to  be l im it in g . I t  i s , f o r  
example, very  d i f f i c u l t  to  in clu d e a l l  the d e ta ile d  inform ation  
necessary  to  show how knowledge i s  constructed .
Ihe In tera ctio n  Model a tten p ts  to  overcame many o f  the d i f f i c u l t i e s  
encountered t y  using concept maps. Indeed, th e  In tera ctio n  Model 
developed as a d ir e c t  r e s u l t  o f  th a t work. In developing d if f e r e n t  
forms o f  concept map, I  had attenpted  to  i l l u s t r a t e  the b a s ic  p rocess  
o f  learn ing w ith the a id  o f  a computer. T his b a s ic  p rocess o f  
learn in g , what m ight be described  as an ep isode o r  a learn ing even t, i s  
formed o f  th ree d i s t in c t  s ta g es  (a c tio n , ob serva tion  and conception) 
each one o f  vhich can lead to  the n ex t. Ihus a  learn ing ep isod e, in  
terms o f  stu d en t c o g n it iv e  a c t i v i t i e s ,  can be i l lu s t r a t e d  thus:
ACTION--------------- ► OBSERVATION-----------------► CONCEPTION
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8 .2  The Development o f  the In tera ctio n  Model
Ih e  b a s ic  learning ep isode can be more fu l ly  described  thus:
INPUT
a c tio n
t y
stu d en t
OUTPUT 
o f  data  
t y  the
computer
OBSERVATIONS 
o f  sim ulation
m odel' s  
behaviour
Forma tio n  
o f  laws 
describ in g  
model
Here, I have included an a d d itio n a l s ta g e  to  the learn ing ep isode, th a t  
o f  th e  OUTPUT o f  d ata . This s ta g e  i s  the v is u a l  stim ulus fo r  the  
learn ing p rocess .
To u se  such a model to  d escr ib e  the learn ing p rocess i s  u n sa tisfa cto ry  
s in c e  i t  would produce an incom plete account. There are, various  
in t r in s ic  and e x tr in s ic  fee  to rs  a ffe c t in g  var io u s s ta g es  o f  the  
in te r a c t io n  process and vhich  should, th erefo re , a ls o  be included in  
the m odel. These fee  to r s , for  example, in clu d e th e stru c tu re  o f  the  
CAL program, the s tu d en t's  p r io r  knowledge, exp erien ces, in t e r e s t s ,  and 
p referred  s tr a te g ic  s t y le .  The In tera ctio n  Model developed as  p a r t o f  
th ese  s tu d ie s  thus in c lu d es n o t on ly  the s ta g e s  occurring during a 
learn ing ep isode, but a ls o  a r e a lis a t io n  th a t  the in flu en ce  o f  
e x tr in s ic  and in t r in s ic  fa c to rs  on th e learn ing p r o c ess .
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Figure 8 .1  The In tera ctio n  Model
Ihe Stuient-CAL In teraction  can be regarded as a continuous process  
(Kermis, 1977a). However, i t  seons n atu ra l in  d escr ib in g  the learning  
p rocess to  d iv id e  the "Student-CAL Interaction"  p rocess in to  a s e r ie s  
o f  ep iso d es. Ihe INPUT o f  data would seem to  be a n atural s ta r tin g  
p o in t  fo r  an ep isod e .
During one com plete learning ep isod e, seven im portant even ts can be 
d is t in g u ish e d .
Event 1 INPUT o f  data -  This i s  the means by vh ich  the stud ent 
communicates w ith  the computer. I t  i s  the means by vhich  a stud en t 
r e p lie s  to  q u estion s th a t the computer p o ses , and thus the way by vhich  
th e  parameter v a r ia b le s  o f  the sim ulation  model are  varied  by the  
stu d en t. Ih e v a lu es  o f  the parameter v a r ia b le s  may be chosen by the  
stu d en t ty  guesswork, th a t i s  by vhat i s  o fte n  known as  
"button-pushing". However, one hopes th a t parameters would n o t be 
chosen in  th is  way, but t y  the use o f  informed reasoning, so  th a t , for  
example, hypotheses can be te s te d . Ihe INPUT o f  data  may, th ere fo re ,
O U T P U T  OF 
D A T A
C O N C E P T►PBS E RVATlOf '
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a r is e  fran preconceptions th a t have been formed during e a r l ie r  learning  
exp erien ces .
Event 2 The C alcu lation  -  Following the INPUT o f  data for the  
appropriate parameter v a r ia b le s , th e computer w i l l  perform c a lcu la tio n s  
based upon them and the m athem atical expression  o f  th e sim ulation  
model. These ca lcu la tio n s  u su a lly  r e s u lt  in  th e production o f  a 
unique s e t  o f  data s in c e  random number generators are o ften  included in  
the program statem ents o f  th e  m athematical formulae. Ih ese  
c a lc u la t io n s , o f  course, occur w ith in  the "blackbox" o f  the computer. 
Often the stud ents w i l l  have v ery  l i t t l e  knowledge o f  th is  p a rt o f  the  
in te r a c tio n  p ro cess . However, th e stud en ts should come to  understand 
th e sim ulation  model ty  observing the r e s u lt s  o f  th e  c a lc u la tio n s  (th e  
OUTPUT d a ta ) .
Event 3 OUTPUT - o f  d a ta ; ; T h e  d ata  ■ can be OUTPUT in  a v a r ie ty  o f  
forms, but i t  i s  u su a lly  in  th e form o f  a ta b le , a graph, or perhaps a 
p ic t o r ia l  rep resen ta tion . Ih e  ch o ice  o f  output s t y le  may be l e f t  to  
the stud en t (w ith in  l im ita t io n s ) ,  b u t i t  may a ls o  be co n tro lled  t y  th e  
program developer i f  s /h e  req u ires th e stud ents to  use a p a r tic u la r  
g rap h ica l format. I t  may be th a t  a p a r tic u la r  form o f  output might be 
more d e s ir a b le  than another fo r  the dem onstration o f  c er ta in  
re la t io n sh ip s; i t  may be th a t th e  stu d en ts are required to  m anipulate 
data obtained frcm a p a r tic u la r  g ra p h ica l format. Ihe output o f  data  
t y  the ca ip u ter  should be so  designed th a t i t  s tim u la tes  the stud ents  
to  look a t  i t ,  to  enable the stu d en ts to  understand th e inform ation  
being d isp layed  and to  produce th e  appropriate m eaningful r e la t io n sh ip s  
frcm th a t d a ta .
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Event 4 PERCEPTION -  The p ercep tion  o f  OUTPUT data might be a ffe c te d  
or in fluenced  by a number o f  fe e  to r s , such as the s tu d en t's  p r io r  
knowledge and experiences. This may l im it  what the studen t s e le c t s
as important to  observe. P ercep tion s m ight be a ffe c te d  by the
stra teg y  th a t the student uses to  produce m eaningful r e la t io n sh ip s .
Event 5 OBSERVATIONS -  These are  th e statem ents made by a stud en t  
follow ing p ercep tion . The proportion  o f  perceptions th a t are  made 
e x p l ic i t  t y  a student in  th e form o f  observations w i l l  vary q u ite  
considerably  between stu d en ts. Thus, i t  i s  n ecessary  to  fo llo w  the  
stu d en t's  program run w ith  an in terv iew  where the researcher uses the  
stim ulated r e c a l l  technique. H opefu lly , th is  w i l l  improve the  
knowledge th a t the researcher has o f  a stud en t was see in g , and 
th inking, during various s ta g es  o f  th e  program run, in  an attem pt to  
in crease  the observation /p ercep tion  r a t io .
Event 6 CONCEPTION -  This i s  th e  s ta g e  o f  the in te r a c tio n  p rocess in  
vhich the "higher" c o g n it iv e  a c t i v i t i e s  are occurring w ith in  the  
"black-box" o f  the s tu d en t's  mind. One hopes th a t t y  using a  CAL 
program, a student i s  producing m eaningful r e la tio n sh ip s  between the  
events th a t are being d isp layed  t y  th e  computer and being perceived  (?) 
ty  the stu d en t. The In tera ctio n  Model i s  an attem pt to  dem onstrate 
the events leading to  th is  s ta g e  in  the learn ing p ro cess . CAL 
programs should be so structured  so  as to  encourage the formation o f  
accurate, v a lid  perceptions and con cep tion s.
-  285 -
(se c tio n  8 .2 )
Event 7 The Ccncept -  I h is  i s  the statem ent made by the studen t 
making e x p l ic i t  the p o ssess io n  o f  a concept. As w ith  the o b s e rv a tio n s  
th a t the stud en t makes, n o t a l l  o f  the concepts th a t a stud en t forms 
may be made e x p l i c i t ,  b a t th e stud en t should be encouraged to  make as  
many o f  them e x p l ic i t  a s  p o s s ib le  during the program run and during the  
follow ing in terv iew .
8 .3  The Use o f  the In tera c tio n  Model to  Analyse
Student Learning P rocesses
8 .3 .1  Construction o f  C ase-S tud ies for  Student Program Runs
The In teraction  Model i s  used m ainly in  the a n a ly s is  o f  p ro to co l sh eets  
w ith th e  a id  o f  r e tr o sp e c t iv e  inform ation obtained during the  
in terv iew . D eta iled  c a se -s tu d y . n o tes  =are w r itten  for. e a ch -s tu d e n t's  
program run. I  adept a common procedure for w ritin g  each ca se -stu d y , 
namely:
( i )  Using the inform ation from the pre-prcgram run in terv iew , I  
try  to  a scer ta in  and d escr ib e  preconceptions a stu d en t has concerning  
the concepts contained w ith in  the sim ulation  model.
( i i )  Using the inform ation on the p ro toco l sh ee ts  o f  th e a c tio n s  
and comments made by th e  stu d en t during th e ir  program run, and any 
supportive inform ation obtained during the post-run  in terv iew , I  
d escr ib e , in  d e t a i l ,  both v e r b a lly  and d iagran m atica lly  (using the  
In teraction  Model) the s tu d en t's  progress during th e  program run. Ih e  
d escr ip tio n s  are, th erefo re , ch ro n o lo g ica l, e p iso d ic  rep resen ta tio n s o f  
the learning p rocesses demonstrated by the stu d en t. I  a ls o  tr y  to  
show the e f f e c t  th a t a previous ep isode may have had on a cu rren t
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episode, and thus dem onstrate the continuous nature o f  the learn ing  
p ro cess .
( i i i )  Using the post-ru n  in terv iew  d ata , I  try  to  d e scr ib e  the  
n e t r e s u lt , fo r  each stu d en t, o f  using the program in  terms o f  the  
fa c tu a l knowledge th a t was acquired.
8 .3 .2  D escrip tion s o f  C ognitive A c t iv i t ie s
E a r lier  (1 .3 )  I  reviewed various d escr ip tio n s  o f  the learn ing  
a c t iv i t i e s  th a t occur w h ils t  a student uses a CAL program. I  have  
a ls o  sta ted  th a t l i t t l e  i s  known o f  how th ese  a c t iv i t i e s  are in i t ia t e d  
and in fluenced  by th e  s tru c tu re  o f  the CAL program, nor has any r e a l  
attem pt been made to  d e fin e  in  d e t a i l  what th ese  learning a c t i v i t i e s  
a re.
Using the In tera ctio n ' Model;" sane g r ea ter  in s ig h t  can be brought- to  ; 
bear on both o f  th ese  apparent d e f ic ie n c ie s .  We can sometimes s e e  how 
and why a learn ing ep isode occu rs, and what the nature o f  t h is  ep isod e  
i s  in  terms such a s  th ose used in  Bloom's taxonomy ( 1 9 5 6 ) , Kemmis* 
typology (1977a) and la u r i l la r d 's  learning a c t i v i t i e s  (1978a).
During the work concerned w ith  my p i l o t  s tu d ie s  I  produced a h iera rch y  
o f  c o g n itiv e  a c t i v i t i e s  (2 .5 .6 )  based on those o f  Bloom (1956) which I  
thought would be s u ita b le  for d escrib ing  the a c t i v i t i e s  occurring  
during the Student-CAL In tera ctio n . This h ierarchy , c o n s is t in g  o f  
tw elve le v e l s ,  proved to  be more than s u f f i c ie n t  to  d e scr ib e  stu d en t  
a c t iv i t i e s  w h ils t  they used a CAL program. The number and nature o f
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a c t iv i t i e s  seen as being o f  importance in  th ese  main s tu d ie s  were, 
th erefore , a lte r e d  as the follow ing d e scr ip tio n s  (a-m) show:
a) S tr a te g ic  D ec is io n s . Ih ese  s tr a te g ic  d e c is io n s  are what I 
have p rev io u sly  c a lle d  " action s" . A s tr a te g ic  d e c is io n  in c lu d es the  
INPUT o f  d a ta , th a t i s ,  a d e c is io n  to  s e t  a parameter v a r ia b le  a t  a 
p a r ticu la r  l e v e l .  S tra teg ic  d e c is io n s  a ls o  in clu d e o th er a c tio n s  such  
as a d e c is io n  to  compare s e t s  o f  data obtained a t  various tim es during 
a program run. This can be seen , for example, in  the fo llow ing  
diagrammatic rep resen tation  o f  p art o f  a s tu d en t's  (ST) program run 
(POND-2):
I N P UT
O U T P U T  OF  
D A T A
I N P U  T
C O N T I N U E  TO  
V  Y EA R 2  >
* 1  O U T P U T  OF  
V  D A T A
/ I N P U T  \  
^  TO  
C O N T I N U E  TO
\  Y E A R  3 /
O U T P U T  OF  
D A T A
C OMPARE  
S ET S OF 
D A T A
i
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In th is  ca se , the stud en t (SHI) wanted to  se e  how the numbers o f  
organisms had changed over a three year p eriod . The a v a i la b i l i t y  o f  a 
hardcopy p r in to u t o f  th e  inform ation th a t had been d isp layed  on the  
screen o ften  f a c i l i t a t e s  the comparison o f  a cu rren t s e t  o f  data w ith  
p rev iou sly  d isp layed  d a ta .
(b) T ran sla tion . T ranslation  i s  th e  b a s ic  farm o f  
comprehension. An observation  statem ent i s  made by the stu d en t  
in d ica tin g  th a t seme o f  the data has been understood. Only th ose  
observations made e x p l i c i t  can be noted and recorded. A tra n s la tio n  
a c t iv i t y  i s  th e th ird  sta g e  o f  what I  have c a lle d  a b a s ic  learning  
ep isode in  CAL:------
I N P U T ,  
OF 
DA T A
b s e r v a t i o nO U T P U T ,  OF  
D A T A
-  289 -
(se c tio n  8 .3 .2 )
(c) B asic  Method o f  Concept A cq u is itio n . This i s  a form o f
canprehension, i t  i s  in ter p r e ta tio n  o f  the d a ta . This i s  the fourth
s ta g e  o f  the b a s ic  learning ep isod e . However, to  form a concept, th a t  
i s  to  d isp la y  an understanding o f  th e sim ulation  model, i t  i s  usual for  
more than one observation  to  be req u ired . U su a lly  a minimum o f  two 
observations are required as can be seen in  th e fo llow ing e x tr a c t o f  a 
stu d en t's  program run (ST: POND-2):
/INPUT \
M oderate  n
P O L L U T I O N  IN  
\  J U N E  /
O U T P U T  OF  
D A T A
HERBIVORES1 
I N C R E A S E  j
H E R B I V O R E S  
F E E D ON 
P L A N K T O N
P L A N K T O N
I NC REA SE
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(d) P red ic tio n s (example 1 -  e x tra p o la tio n ). This i s  the  
h ig h e s t  form o f  comprehension. Often a p red ic tio n  i s  made follow ing  
what appears to  be one observation  o f  a change in  nunbers, fo r  example:
>hnput\
S i b O P ,  5 0 H ,  X  
■ < 5 0 F ,  LOW LEVEL 
\ v p OLLUTlON >
O U T P U T  OF  
D A T A
F I S H
D E C R E A S E
F I S H  W IL L  
D I E  O U T
(JH2 :PONDGAME)
An ex trap o la tion  may be made a f t e r  comparing s e t s  o f  data:
o u t p u t  o f  
D A T A .
O U T P U T  OF  
D A  T A
D E C I S I O N  TO
C O M P A R E '
D A T A
POND W I L L
-  291 -
(e) S e le c t io n  o f  Apprt^priate B iquiry S k i l l s  when performing an 
experim ent. In gen era l terms th is  a c t iv i t y  can be shown
diagram m atically a s :
/  P R I N C I P L E  
/ U P O N  W H I C H  
' E X P E R I M E N T  
W I L L  feE 
BASED
I N P U T
OF
V A L U E S
A good example o f  one stu d en t (SH2 :PONDQU) se le c t in g  the appropriate  
enquiry s k i l l  to  s e t  up an experim ent to  determ ine whether each o f  the  
three organisms ( f is h ,  h erb ivores, and phytoplankton) in  th e pond 
ecosystem  can su rv ive  a lon e i s  shown below:
D E C I D E D  TO
P O P U L A T I O N
/ N PU T ^  
2 5 0  P. } OH.  
OF.
DA TA
I N P U T
O U T P U T  O F  
D A T A0 F.
I N P U T  
IP., 0H> 
10 0 0  F.
O U T P U T  OF  
.  D A T A
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( f )  P red ic tio n s  (example 2 -  theory lad en ). Here the stud en t 
p red ic ts  th e e f f e c t  o f  the change o f  a fee  tor  on a s itu a t io n  based upon 
a p rev io u sly  acquired conception . I t  i s  p o s s ib le  th at th is  type o f  
a c t iv i t y  i s  the f i r s t  p a rt o f  h yp oth esis  t e s t in g . I  see  th is  type o f  
a c t iv i t y  c o n s is t in g  o f  the follow ing sequence o f  even ts:
NPU T.
OF
D A T A
iBSERVATIONO U T P U T  OF 
D A T A
P R E D I C T E D  
BS ER VA Ti  0  N
C O N C E P T
The follow ing example which i s  a diagram atised e x tr a c t o f  a s tu d en t's  
(ST:P0M>-2) program run shows n o t on ly  a ty p ica l example o f  t h is  type 
o f  p red ic tio n , ' but a ls o  how th e stu d en t has re la ted  an inap propriate  
concept, indeed a m isconception in  terns o f  the sim ulation  model used 
in  th ese  programs, to  the s itu a t io n :
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F I S H  RECXUlRE  
P L A N K T O N  & 
H E R B I V O R E S  
FOR F O O D
M I S C O N C E P T I O N
/aoTs x
OF > 
P L A N K T O N
S  INPUT \  
LOW L E V E L  
P O L L U T I O N  \ \
N a u g u s t
O U T P U  T 'OF  
D A T A
H ERB fVOl
F I S H
S H O U L D
N O T
D E C L I  NE
The student in  th is  example has n o t r e a lise d  the e f f e c t  th a t  p o llu t io n  
w i l l  have on the f i s h  population . In stead , s in c e  there a re  " lo ts  o f
i
plankton and herbivores" as a source o f  food, th e f is h  shouldn11 
d e c lin e .
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(g) Theory-laden O bservations (example 1 ) .  This a c t iv i t y  i s  a 
form o f  a n a ly s is  in  th a t i t  i s  h yp oth esis te s t in g  using experim ental 
d ata . In seme ways, as th e  name o f  the a c t iv i t y  su g g ests , i t  i s  more 
than m erely te s t in g  a h y p o th esis . By hold ing a p a r tic u la r  conception , 
or theory, the s tu d en t's  perception  can be a ffe c te d , even to  th e p o in t  
o f  the evidence being f a l s i f i e d .  The sequence o f  events can be 
i l lu s t r a t e d  th u s:
An e x tr a c t o f  one s tu d en t's  program w i l l  i l lu s t r a t e  such an even t. 
The stud en t (PS: POND-2) INPUTs 10 fishermen fish in g  tw ice a mcnth w ith  
a c lo s e  season between March and June. He made the fo llow ing  
obervatiens:
"The numbenrof phytoplanktcn d ecreases when the number o f  f i s h  
d ecrea ses . Fishing d e f in i t e ly  d ecreases th e number o f  f i s h  
as w e ll  a s  th e number o f  phytoplanktcn. "
C O N C E P T
^  un
PRECONCEPTION
I N P U T
OF
D ATA
O U T P U T  OF  
D A T A ) IBSERVATION
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Having a conception th a t phytoplanktcn are p rop ortion al to  the f is h  i s  
supported by the observation  1 and statem ent 2 i s  m erely a restatem ent 
o f  th is  b e l i e f .  Statem ent 1 can be shewn diagram m atically to  develop  
thus: " .
OU T P U T  OF 
D A T A
/ d ECREAS E 
. W H EN  F.
( DE.CREASE
/F.R.-IO 
X u L O  SE = 
■ \ M A R C H  TO 
J U N E  v
m i s c o n c e p t i o n
P L A N K T O N
F. ISH NO S
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(h) Theory-laden O bservations (example 2 ) .  This i s  a form o f  
h y p o th e s is -te s tin g  which uses experim ental d a ta . The d if fe r e n c e  
between th is  and example 1 o f  th e  same type o f  a c t iv i t y  can be seen in  
the follow ing diagram:
CONCEPT
I N P U  T 
OF  
DA  TA
♦^OBSERVATION
D A T A
OBSERVATfON
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On making the f i r s t  ob servation / a second observation  i s  expected  
because o f  a p rev iou sly  h e ld  concept. This second observation  i s  made 
s in c e  a concept i s  h e ld  v h ich  makes th a t second observation  necessary  
according to  the s tu d en t's  b e l i e f .  This would thus provide th e
stu d en t w ith the evidence to  support the h y p o th es is .
An example o f  th is  type o f  a c t iv i t y  i s  shown in  th e  n ex t example. EW
(POND-2) sta rted  fish in g  th e  pood, and observed:
"The number seem to  d ecrease  w ith  fish ing^; .. .  . Let me see  what 
a f f e c t  i t  has on th e  p h ytop lan ktou^  The number o f  
phytoplanktcn seems to  be l e s s ^  during the fishing:
se a so n .. .  .The number o f  herb ivores seems to  ^ d ecrea se-^
somewhat, perhaps because the f is h  ^ a v e  qoneH Fish
excretory m atter feeds th e phytoplanktcrrH "
A m isconception (6) i s  ev id en t in  th is  qu otation  o f  the s tu d en t's
comments made during h i s  program run. I f  we look a t  how th is
m isconception developed, we can see  th a t a decrease  in  the f is h
population  (1) caused the stu d en t to  re-examine the data (1) to  see  
whether th is  change in  pop ulation  s iz e  had resu lted  in  any change in  
the s iz e  o f  th e phytoplankton p op ulation . I  b e lie v e  th a t  the  
s tr a te g ic  d e c is io n  (2) shows th a t the studen t must have a lread y  had 
seme id ea  o f  a r e la t io n sh ip  between the organism s. I t  may have been a 
very  vague or gen era l n otion  such as:
( i )  fish in g  a f f e c t s  th e  ecosystem , and/or
( i i )  the s iz e s  o f  th e  populations w ith in  an ecosystem  are  
interdependent.
On re-examining the d ata , the stud ent observed a d ecrease  in  the
phytoplankton (3) and a ls o  a  d ecrease  in  the herb ivore pop u lation  (4) 
vh ich  he a sso c ia ted  w ith  th e  decrease in  the f is h  pop ulation  ( 5 ) .  
This sequence o f  events can be i l lu s t r a t e d  d iagran m atica lly  thus:
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y / R S H I N  G 
^   • 'AFFEC TS
T H E  ECOSYSTEM  
& / OR POP UL ATI ON  
S I Z E S  ARE  
I N T E R D E P E N D E N T
y / l N P U  T >  
F I S H I N G  
VARIABLES
O U T P U T  OF
V  d a t a
f  F I SH  
DECREASE
COMPARISON  
OF D A T A
RE -E XA MI NE  
THE D A T A
P LA N KT ON
DECREASE
HERBrVORES
D ECR EA SE
-  299 -
(s e c t io n  8 .3 .2 )
( i )  H y p o th esis -testin g  (example 1 ) .  This i s  s im ila r  to  th e previous  
twD a c t iv i t i e s  (g and h) but there i s  an e x p l ic i t  or  im p lic it  d e s ir e  to  
t e s t  a h y p o th es is . This type o f  c o g n itiv e  a c t iv i t y  can be i l lu s t r a t e d  
thus:
CONCEPT
/ s t a t e m e n t  
/ w h i c h  S HOWS  
/ t h a t  s t u d e n t  
( w a n t s  t o
CONFIRM A ; 
H Y P O T H E S I S  /
/ I N P U T  1 0 s  
' C O N T I N U E  
O U T P U T  OF 
^  DATA
O U T P U T  OF
-  >
D A T A
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( s e c t io n  8 .3 .2 )
Good examples o f  th is  can be seen in  the follow ing i l lu s t r a t io n s :
WA NT TO SEE  
I F  T R E N D  
C O N T I N U E S
S  C O N T I N U E  
TO YEAR 2
/ P L A N K T O N
( d e c r e a s e
WHEN F I SH  
\ D E C R E A S E
M I S C O N C E P T I O N
P L A N K T O N  NO*S  
P R O P O R T I O N A L  
TO F I S H  NO’ S
O U T P U T  O F  
D A T A
NO 
F I  SH  
CA UGHT
j  H Y P O T H E S I S  
I S  C O N F I R M E D
F I S H  
D E C RE  A S E  
S J O  5 0  J
M I N I M U M  
F I S H  
P O P U L A T  10 N 
I  S 5 0
M I N I M U M  
F I S H  
P O P U L  A T I  0  N 
I S  5 0
E C O S Y S T E  M 
W I L L  A L W A Y S  
R E A C H  A 
B A L A N C E  
EVE N I F  
F I SH I N G R A T E  
I S  CHANGED
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( s e c t io n  b . 3 . 2 }
(j )  H y p o th esis-testin g  (example 2 ) .  This learn ing a c t iv i t y  I
recogn ise  as being o f  a h igh er  c o g n it iv e  _ l e v e l  than the previous  
example. Here the student t e s t s  a h yp oth esis through experim entation. 
This can be i l lu s t r a t e d  in  gen era l terms thus:
C O N C E P T
/  S T A T E M E N T  
O F  I N T E N T  
F O R  F U T U RE  
A C T I O N S
J N PU T  
O F  
DATA
O U T P U T  OF  
D A T A
/
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An i l lu s t r a t io n  o f  such a c o g n itiv e  a c t iv i t y  from a stu d en t's  program 
run shows how*many, stud en ts attem pt .to  s e t  up the variou s parameters o f  
the s im u lation  model to  t e s t  hypotheses th a t they have formed.
M I S C O N C E P T I O N
P L A N K T O N  A N D  
H E R B I V O R E S
o n l y  o r Ga n i s m s
T H A T  C A N L I V E  
T O G E T H E R  :
S E E  I F  
AN I N  B A L A N C E
C A N  /
D E V E L O P  /
I N P U T  
5 0  P 
50  H 
5 0 F
O U T P U T  O F
D A T A
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(k) Hypo th e s is - te s t in g  (example 3 ) .  In many resp ec ts  th is  form o f
co g n it iv e  a c tiv ity ' , i s  very  siirdlar to  .the previous a c t iv i t y ,  v ,b u tlt  i s  
more ccmplex and in c lu d es the t e s t  to  c m  firm or r e fu te  the hyp oth esis  
(th e  in d u ctive  sta g e  according to  P e ir c e 's  n o tio n  o f  s c i e n t i f i c  
m ethodology), as shown in  the follow ing i l lu s t r a t io n :
CO N CE PT  .
S T A T E M E N T
^ P R E D I C T E D
OBSERVATIOt
I N P U T
OF
DA TA
O U T P U T  OF  
DATA
'o b s e r v a t i o n !
CONCEPT
CONFIRMED
OR
REFUTED
/ C O M P A R I S O N
/  °F / P R E D I C T I O N
'  AND  
OBSERVATION
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^section
(1) Concept A cq u is itio n  t y  a  H ierarciiica l Development. This 
a c t iv i t y  in v o lv es  .the ! con stru ction  o f  . new knowledge from p rev iou sly  
h e ld  concepts. - The fo llow ing i l lu s t r a t io n  w i l l  show one way t y  vhidh  
th is  m ight take p lace:
IN PU Tj 
OF
d a t a
OUTPUT,  OF
o b s e r v a t i o n ]
data
INPUT.  
OF '  
DATA OBSER VATIiDATA CONCEPT
C O N C E P T
C O N C E P T
Concept 3 i s  formed t y  r e la t in g  concepts 1 and 2 , both o f  which are  
p r e re q u is ite  to  i t .
(m) D ia lec  ticdsm . This i s  vhere an observation  i s  questioned  
because i t  i s  in c o n s is te n t  w ith  the s tu d en t's  conceptual s tru c tu re , i t  
i s  a "surprising event". I t  i s  in c o n s is te n t  w ith  the laws and r u le s  
th a t the stud ent has o f  the sim ulation  m odel's behaviour. I t  may be 
an eva lu ation  o f  the accuracy o f  the r e s u lt s  obta ined . The follow ing  
diagrams i l lu s t r a t e  p art o f  a s tu d en t's  program run vhere laws and 
axioms h e ld  t y  the stu d en t which exp la in  the behaviour o f  the
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PLANKTON
DECREASE
/ ^ M O D E R A T E  >  
P O L L U T I O N  IN  
N j  AN UARY
OU TP UT OF  
D A T A
p l a n k t o n
E A T E N  BY
H I G H E R
A NI MA LS
/  NO 
H I G H E R  
A N I M A L  S
P L A N K T O N
D E C R EA S E
T H E O R Y
Q U E S T I O N E D
(SA:PONDQU)
P L A N T O N
I N C R E A S E
l e a d s  TO 
H E R BI V O RE  
I N CR EA SE  
LEADS TO  
F I S H  INCREASE
o u t p u t  o f HERBIVORES
DATA ^INCREASE
P LA N KT ON
DECR EA SE
R U L E
Q U E S T I O N E D
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8*3.3 A n alysis  ~ of" Program Runs in  terms o f  the C ognitive A c t iv i t ie s  
Demonstrated t y  th e Students
Having produced a s e t  o f  ca se -stu d y  n o tes , including i l lu s t r a t io n s  o f  
the program run dram  using the In teraction  Model a s  a b a s is ,  
f a c i l i t a t e s  the d is t in c t io n  o f  the various c o g n it iv e  a c t i v i t i e s  as  
described p rev io u sly  ( 8 . 3 . 2 ) .  I t  i s  thus p o s s ib le  to  con stru ct a 
p r o f i le  o f  th e range and frequency o f  co g n itiv e  a c t i v i t i e s  fo r  each o f  
the stu d en ts using a p a r tic u la r  POND program. In a d d itio n  to  th is  
inform ation, I  thought i t  v a lu a b le  to  record:
i .  The number o f  s e t s  o f  data  a student INPUTs during a program run,
i i .  The number o f  r e lev a n t concepts a student p o sse sse s  b efore  the  
s ta r t  o f  the program run, a s  determined t y  a pre-run in terv iew ,
i i i .  H ie s tu d en t's  " in v a r ia b ility  factor" . This in v a r ia b il i ty  
fee  tor" rep resen ts the order in  which students use the variou s modes o f  
a program. O b/iously , th is  does n o t apply to  PONDGAME where various  
modes are n o t a v a ila b le . In the three programs where four d if f e r e n t  
modes o f  th e program were a v a ila b le  to  the stu d en t to  use a t  any time 
during th e ir  program run, th e ch o ice  o f  modes i s  th e s tu d e n t's . A 
stud en t may chooses to  use each o f  the modes sim ply t y  fo llow in g  the  
num erical order o f  the modes, th a t i s  1 , 2 , 3 , 4 .  Each mode may be 
in v e s tig a te d  a number o f  tim es using d if f e r e n t  v a lu es  for th e  
parameters o f  the sim ulation  model. Other stu d en ts may use the modes 
in  what may seem to  an observer as a random and i l l o g i c a l  manner. 
When th is  happens an observer m ight construe the stu d en t to  be 
wandering through the program hoping to  p ick  up as much inform ation as  
p o ss ib le  but having no r e a l s tr a teg y  for  doing s o . A lte r n a tiv e ly ,  
th is  "wandering" might be construed as pu rp osefu l. I t  m igh t.rep resen t  
the s tu d en t's  d e s ir e  to  observe p a r tic u la r  behaviours o f  th e sim u lation
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model, a s  a  means o f  fu l ly  using the c a p a b il i t ie s  o f  the program. I t  
might, fo r  example, rep resen t the s tu d en t's  d e s ir e  to  t e s t  hyp otheses.
I  b e lie v e  th a t the most e f f e c t iv e  way o f  using the various modes o f  the  
PCM) programs i s  to  use modes 1, 2 , 3 and 4 in  th a t order. By
" effec tiv e"  I  mean way which w i l l  inprove the chances o f  a stud en t  
understanding a l l  th a t i s  d isp layed  t y  the computer during a program 
run. In th is  way, each mode b u ild s  on the inform ation obtained during 
previous modes, in  .other-, words, ,1  am suggesting th a t ih e r e  can be a  
h ie r a r c h ic a l a c q u is it io n  o f  con cep ts. I f  a stud en t uses the modes in  
any o th er  order then they m ight encounter d i f f i c u l t i e s  in  e f f i c i e n t ly  
(th a t  i s  in  th e  sh o r te s t  time) acquiring concepts which the program i s  
encourage the con stru ction  o f  t y  th e stu d en t.
The stud en t who remains on the recommended (a t  l e a s t  im p lic it ly )  modal 
path, th a t i s  who uses the modes in  the order presented t y  th e  program 
(1 ,2 ,3  and 4 ) ,  m ight be fe e lin g  in h ib ited  or r e s tr ic te d  t y  the  
stru ctu re  o f  th e  program. In Kermis' terms (1977b), fo r  th is  type o f  
stud en t the program would have a "strong pedagogical fu n ctio n a l 
stru ctu re" . I t  m ight thus be p red icted  th a t such a stu d en t m ight show 
fewer "experimental" a c t iv i t i e s  than a stud en t for whom th e program has  
a weak pedagogical fu n ction a l s tr u c tu r e .
From th e program d ev e lop er's  p o in t  o f  v iew , I  b e lie v e  th a t i t  i s  
n ecessary  to  look  a t  the reason why stud en ts can dem onstrate d if f e r e n t  
ch o ices o f  modal order. I f  the program developer stro n g ly  b e lie v e s  
th a t th e the most " e ffic ien t"  u se o f  a program i s  t y  using th e  variou s  
modes in  a p a r tic u la r  order, then i t  might be cannon sen se  to  impose 
th a t order o f  modal use on the stu d en t. However, th e program 
developer should be aware o f  th e  p o s s ib i l i t y  th a t t y  r e s tr ic t in g  a 
s tu d en t's  ch o ice  o f  movenent through a program, the learn ing p o te n t ia l  
o f  th a t program might be reduced. A lte r n a tiv e ly , a stu d en t m ight fin d
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th a t a program i s  mare stim u lating  i f  no r e s tr ic t io n s  in  modal order 
are imposed. The student m ight find i t  b e n e f ic ia l  to  be a b le  to  f l i p  
fran m e  mode to  another, and even back again , to  t e s t  hypotheses for 
example, checking th e ir  fin d in gs as they do so . By allow ing th is  kind 
o f  freed am for the stud en t th e program developer may be encouraging, or 
a t  le a s t  n o t in h ib it in g , seme o f  the higher co g n itiv e  a c t i v i t i e s  such 
a s experim entation in  the form o f  hyp oth esis te s tin g  and problem  
so lv in g . .sw
I t  would be advantageous to  be a b le  to  d escr ib e , in  seme g en era l way, 
th e type o f  pathway a stud en t has taken through the var iou s modes o f  a 
program. I f  expressed in  a m athematical form, i t  should be p o s s ib le  
to  c o r r e la te  th is  factor to  var iou s c o g n it iv e  a c t iv i t i e s  demonstrated 
t y  a stu d en t. I t  i s  p o s s ib le  to  show the pathway g r a p h ic a lly  i f  the  
mode se le c te d  t y  a stud ent a t  every change o f  mode i s  p lo t te d . I f  a 
student uses a program as im p lic i t ly  recommended t y  the program 
s tru ctu re , th a t i s  modes 1 , 2 , 3 , 4  a p e r fe c t ly  s tr a ig h t  l in e  having a 
r eg ress io n  c o e f f ic ie n t  o f  + 1 .0  would be obtained as in  fig u re  8 . 2 .  I f  
th e  modes were used in  the r ev e r se  order, th a t i s  4 , 3 , 2 , 1 ,  th e  
reg ress io n  c o e f f ic ie n t  would be - 1 . 0 ,  as in  fig u re  8 .3 .  I f  th e modes 
wore used in  an apparently random order, for example 1 , 4 , 2 , 3 , 2 , 4 , 2 , 1  
and then 3 , th e reg ress io n  c o e f f ic ie n t  would be 0 .0  as in  fig u re  8 . 4 .  
I  have c a lle d  the reg ress io n  c o e f f ic ie n t  v a lu e  the " in v a r ia b ility  
factor" s in c e  i f  i t  has a v a lu e  o f  +1 .0 ,  i t s  h ig h e s t  v a lu e , th e stu d en t  
would n o t have varied  from the im p lic it ly  recommended modal order 
during th e ir  program run.
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For each stu d en t's  p r o f i l e  o f  th e ir  use o f  a POND program I  have been 
ab le  to  produce an in d ic a tio n  o f  the frequency a t  vhich  they had 
demonstrated c er ta in  c o g n it iv e  and o th er a c t i v i t i e s .  The f u l l  l i s t  o f  
fourteen fe c to rs  considered in  th ese  s tu d ie s  i s  g iv en  below:
i .  In v a r ia b ility  fe e  to r ,
i i .  Number o f  preconceptions demonstrated before th e s tu d en t's  program 
run,
i i i .  Number o f  s e t s  o f  data  INPUT during the s tu d en t's  program run,
iv .  Number o f  a c t io n s  demonstrated -  for  example, such a s  to  "compare
s e t s  o f  data", th a t i s  s tr a te g ic  a c tio n s ,
v .  Number o f  a c tio n s  demonstrated p lu s  a c t iv i t i e s  a sso c ia ted  w ith  the  
s e le c t io n  o f  appropriate enquiry s k i l l s ,  _
v i .  Number o f  ob servation s made e x p l i c i t  during the program run,
v i i .  Number o f  concepts made e x p l i c i t ,
viii.N um ber o f  v a lid  concepts made e x p l ic i t ,
ix .  Number o f  in v a lid  concepts made e x p l ic i t ,
x . Number o f  p r e d ic tio n s  made,
x i .  Number o f  obvious theory-laden  observations made.
x i i .  Number o f  h y p oth esis  te s t in g  a c t i v i t i e s ,
xiii.N um ber o f  experim ental a c t i v i t i e s  ( th a t i s ,  p r e d ic tio n s  p lu s  
a c t iv i t i e s  which show the s e le c t io n  o f  the appropriate enquiry  
s k i l l s  p lu s h y p oth esis  te s t in g  a c t i v i t i e s ) ,
x iv . Number o f  d ia l e c t i c a l  statem ents made during the program run.
The data (appendix 18) for  a l l  stu d en ts using a p a r tic u la r  POND program 
were compared w ith  the d ata  for  stud en ts using each o f  th e  o th er  POND 
programs using a c o rr e la tio n  c o e f f ic ie n t  a n a ly s is .  The most 
s ig n if ic a n t  co rr e la tio n s  ( t h a t  i s  g r ea ter  than 90% s ig n if ic a n c e )  are
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shown diagram m atically in  fig u res  8 .6 ,  8 .7 ,  8 .8  and 8 .9  and in  f u l l  in  
appendix 19.
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8 .3 .4  Evidence for the r e la t io n sh ip  between p arts o f  the In teraction  
Model
The r e s u lt s  obtained frcm the a n a ly s is  o f  student program runs in  terms 
o f  the varid us c o g n it iv e  ■ a c t i v i t i e s  demonstrated, have - c er ta in  
im p lica tio n s for the In tera ctio n  Model. In th is  s e c t io n  I  want to  
examine the nature o f  th ese  d u p lica tio n s  and show how th e e f f e c t  o f  
program stru ctu re  can in flu en ce  th e co g n itiv e  a c t iv i t i e s  demonstrated 
fcy stu d en ts. Figure 8 .1  shews hew I  b e lie v e  the var iou s p a rts  o f  the  
In tera ctio n  Model in f lu e n c e  each o th er . I  w i l l  examine a number o f  
th ese  in te r r e la t io n sh ip s  w ith  re feren ce  to  the c o rr e la tio n s  th a t might 
e x i s t  between p arts  o f  th e  In tera ctio n  Model o f  Learning shown below:
PRECONCEP TION S'
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s t r a t e g y
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Preconceptions can e ith e r  be regarded as co n sistin g  (a) o f  the body o f  
knowledge re la ted  to  those contained w ith in  the sim ulation model th a t  
the studen t brings to  the learning experience, th a t i s ,  p r e -e x is t in g  
conceptual b e l ie f s ; .-o r  (b) o f  concepts th a t have been-formed during 
previous learning ep isodes in  the s tu d en t's  curr en t  prog ram run:
This body o f  knowledge could a f f e c t  a nunber o f  the sta g es  in  the  
in ter a c tio n  p ro cess . ( i )  I t  could a f f e c t  the s tu d en t's  s t r a te g ic  
s t y le  in  th a t i t  could encourage, for example, var iou s experim ental 
a c t iv i t i e s  to  see  whether the sim ulation  model behaved according to  the  
s tu d en t's  preconceptions. ( i i )  precon ceptions, or a lack  o f  r e la te d  
concepts, should in flu en ce  th e t^pe o f  data th a t the program user  
INPUTs. I t  may be th a t v a lu es  s im ila r  to  those the stud en t b e lie v e s  
to  rep resen t the r e a l  world v a lu es  are  INPUT; i t  may be th a t a la ck  o f  
re la ted  knowledge causes the stu d en t to  gu ess the va lu es  th a t  they  
INPUT, th a t i s  to  "button-push". ( i i i )  Prior knowledge and p reviou s
experiences w i l l  in f lu en ce  vh at th e program user p erce iv es  in  the  
OUTPUT d ata . In other words, . i t  w i l l  determ ine whether s /h e  
in ter p r e ts  i t  c o r r e c tly , whether s /h e  p erce iv es  a l l  o f  the r e le v a n t  
p o in ts  or m erely concen trates on p a r ts  o f  the data w ith which th ey  are  
fa m ilia r . ( iv )  Prior knowledge could in flu e n c e  the form ation o f  
concepts in  th a t i t  could l im it  the nature o f  concepts u n less  a marked 
change in  the s tu d en t's  conceptual s tru c tu re  takes p la c e .
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Vsection
( i )  The e f f e c t  o f  precon ceptions on th e  s tr a te g ic  s t y le  
es&iibited by th e  program user
The term " stra teg ic  s ty le "  im p lies  purposefu lness on the p a r t o f  the . . 
stu d en t, and in clu d es a number o f  d if fe r e n t  a c t i v i t i e s . ’ P erh ap s-th is  - 
i s  b e s t  described as being a h ierarchy o f  a c t i v i t i e s .  This h ierarch y  
being a number o f  a c t i v i t i e s  o f  vhich a statem ent o f  in te n t , for 
example to  compare d ata , i s  r e la t iv e ly  sim ple, whereas h y p oth esis  
te s t in g  and experim entation are h igher and mare complex c o g n it iv e  
a c t i v i t i e s  vhich are included under th is  headin g.
In ad d itio n , a rather obvious s tr a te g ic  a c tio n  o f  re levan ce  to  th ese  
s tu d ie s  i s  the " in v a r ia b ility  fee  tor" . This in v a r ia b il i ty  factor
could be an expression  o f  vhether the stu d en t, th a t i s  the program 
u ser , has a s tr a te g ic  s t y l e  strong enough to  overcome the "pedagogical 
fu n ction a l structure" o f  the CAL program. I f  s /h e  has th is  stren g th  
then an in v a r ia b il ity  fee  tor o f  l e s s  than +1 .0  could rep resen t the  
stu d en t's  w i l l  or d r iv e  to  experim ent for example. -On th e oth er hand, 
i f  th e  program's p edagogical fu n ction a l s tru c tu re  i s  stronger than the  
s tu d en t's  " stra teg ic  drive" then the stu d en t i s  l ik e ly  to  fo llo w  
whatever the program d ir e c t s ,  th a t i s  could fo llow  th e im p lic i t ly  
recommended modal order and have an in v a r ia b il i ty  fee  tor o f  + 1 .0 .  
However, a p o s it iv e  c o r r e la t io n  between the number o f  r e le v a n t concepts  
a stud en t begins th is  type o f  learning experience w ith  and the  
in v a r ia b i l i ty  fee  tor i s  o i l y  found for those who used POND-2 and 
P0ND2HELP (99 and 95%- s ig n if ic a n c e  le v e l s  r e s p e c t iv e ly ) . In other  
words, the le s s  the stu d en t knows about th e food pyramid concep t, the  
more l ik e ly  s /h e  i s  to  vary  the order o f  using the modes o f  th ese  two 
programs.
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I have p rev io u sly  in d ica ted  th a t th is  could be viewed as (a) an a im less  
wandering through the program to  p ick  up whatever in  formation they can 
g lean  t y  so  doing, or (b) a f le x ib le  use o f  the program because o f  the  
d e s ir e  to  use "the program in  an experim ental and guided way, anduiot to  
be confined to  a seq u en tia l use o f  the modes w ith  th e obvious 
lim ita tio n s  th is  would bring to  bear, on the knowledge th a t i s  obtained  
frcm studying the OUTPUT d a ta .
I t  i s  the second o f  th ese  explanations vh ich  appears to  have the most 
credance. For both POND-2 and P0ND2HEIP th ere  are strong n eg a tiv e  
co rre la tio n s  (95% le v e l s  o f  s ig n if ic a n c e )  between the in v a r ia b i l i ty  
factor and h yp oth esis te s t in g  a c t i v i t i e s .  For POND-2 th ere  i s  a ls o  a 
sim ilar  n eg a tiv e  c o rr e la tio n  between the in v a r ia b il i ty  fee  tor and a l l  
forms o f  experim entation . I t  would thus seem th a t the fu n ctio n a l 
stru ctu re  o f  POND-2 and P0ND2HELP has n o t ever come the experim ental 
d r iv e  o f  the stud en ts p a r tic ip a tin g  in  th ese  s tu d ie s , whereas PONDQU, 
the on ly  other POND program to  have a modal s tru c tu re , th e  s tru c tu re  
has destroyed the r e la t io n sh ip  between the order o f  the u se o f  modes 
and experim entation. Indeed, in  th ese s tu d ies  PONDQU h as encouraged 
s ig n if ic a n t ly  l e s s  experim ental a c t iv i t i e s  than POND-2 (th e  mean number 
for POND-2 and PONDQU being 4 .0  and 1 .4  r e s p e c t iv e ly , rep resen tin g  a 
d iffe re n c e  between the means s ig n if ic a n t  a t  the 99% l e v e l ) .  P0ND2HELP
a ls o  encouraged le s s  experim ental-type a c t i v i t i e s  than POND-2
;•(
(P0ND2HELP mean v a lu e  for experim ental a c t i v i t i e s  being 2 .0 ,  
representing a d if fe r e n c e  between the means s ig n if ic a n t  a t  the 98% 
l e v e l ) .
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Why should having a r e la t iv e ly  good knowledge o f  th e  concepts contained  
w ith in  a sim ulation  model reduce the number o f  experim ental-type  
a c t iv i t i e s  demonstrated t y  stu d en ts using cer ta in  types o f  CAL program? 
I t  could be th a t th is  hen-exp erim ental use o f  a CAL program takes p la ce  
because the stu d en t f e e ls  th a t they already know " a ll  . about" the  
behaviour o f  th a t model or system . Thus, in  using the program the
student might m erely w ish to  fo llow  through the v a r io u s  modes (a) to  
see  th a t i t  i s  providing the kind o f  data th a t th ey  would expect o f  
such a sim ulation  and (b) perhaps to  " f i l l  in" d e f ic ie n c ie s  in  th e ir  
conceptual stru c tu re , or to  in crea se  the number and range o f  exenplars  
they have o f  such con cep ts.
I t  i s  in ter e st in g  to  look  a t  th e  order in  vh ich  th e  stu d en ts used the  
variou s modes o f  the programs and the reasons they p rovid e for so  
d o in g . S im ila r ly , th e mode w ith  vh ich  they commenced th e ir  program 
run and again th e ir  reason s. These are summarised in  the follow ing  
ta b les  (f ig u r es  8 .11  a and b)
sec men
Mode commenced 
Program w ith  
1 2 3 4
Number o f  stud en ts  
Percentage o f  students
22 2 2 1 
- 82 7 7 4
Figure 8 .1 1 a  Frequency by which modes used to  carmence program
Mode sta r ted  
program w ith
Reason No.Students
1 B est to  observe  
pond f i r s t 15
1 Because i s  f i r s t  
mode 7
1 See numbers in  paid 3
1 Most in te r e s t in g  
mode 1
2 Thought f i r s t . would 
be on ly  mode could  
use 1
2 To se e  how populations  
are r e la te d 1
3 F ir s t  mode to  come 
to  mind 1
3 Because l ik e s  fish in g 1
4 Wanted to  s e e  vfoat 
p o llu t io n  would do 1
¥
Figure 8 .1 1 b  Reasons for s ta r tin g  program w ith  a p a r tic u la r  mode
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Most o f  the students (82%) vho used POND-2, PONDQU and P0ND2HELP 
sta r ted  th e ir  use o f  the program w ith  mode 1 (observing the pond using 
data provided by the program). I t  i s  a means o f  observing the  
behaviour o f  th e  ecosystem when i t  i s  a t  equilibrium  and w ithout any 
ex tern a l fa c to rs  causing d istu rb ances in  i t s  equ ilibrium . 65% (15) o f  
the stu d en ts who camienced w ith  mode 1 gave th is  a s  th e reason for so  
d oin g . A further 13% (3) o f  the students wanted, more s p e c if ic a l ly ,  
to  se e  th e "numbers” in  the pond. There was, however, a  proportion o f  
the stu d en ts (30%) vho used mode 1 because i t  was th e  f i r s t  o f  the  
modes in d ica ted  in  the program. For th ese  stud a i t s  th ere was no 
reason other than " i t  was number one". In other words, for th ese  
stud en ts i t  was a case  o f  "push a button and see  vh at happens".
This la ck  o f  r e a l  reason for choosing variou s modes o f  the program i s  
a ls o  o fte n  found when studen ts "choose" n o t only  th e  f i r s t  mode but 
a ls o  when they choose the remaining modes during th e ir  program run. 
Of th e  stu d en ts who used th ese  three POND programs, and for vharn 
reasons o f  any s o r t  were g iv en  in  the in terv iew , 45% (5) cn ly  wanted to  
see  what would happen, 54% (6) had an in t e r e s t  or l ik in g  o f  a mode ( for 
example, one stu d en t (MB) had done a p r o je c t on p o llu t io n  a t  s c h o o l) , 
for 45% i t  was the lo g ic a l  or s e n s ib le  thing to  d o , for 1 stud en t i t  
was because h e  d id n 't  l ik e  the a lte r n a t iv e s . For 1 stu d en t the  
va r iou s modes were used in  a p a r ticu la r  order because o f  h i s  w ish to  
experiment!
Thus, th e m ajority  o f  the stu d en ts using POND-2, PONDQU, and POND2HELP 
began w ith  mode 1 . This i s  vhere the program d e s ig n e rs  wanted 
stu d en ts to  begin , although th e students can, w ith  a l i t t l e  thought, 
begin by using mode 2 eq u a lly  as s u c c e s s fu lly . TO b egin  w ith  mode 3
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or 4 would, in  a l l  p ro b a b ility , mean th a t the program user would be 
lacking seme o f  the fundamental concepts n ecessary  for a f u l l  
understanding o f  the data being presented by th ese  two modes.
(ii) The effect of preconceptions on the nature of INPUT data
There appears to  be no evidence o f  a co rr e la tio n  between th e number o f  
concepts re le v a n t to  the food pyramid concept vh ich  are demonstrated 
b efore th e  use o f  a POND program, th a t i s  the r e le v a n t p r e -e x is t in g  
conceptual b e l i e f s ,  and the number o f  s e t s  o f  INPUT d a ta . However, 
there i s  seme evidence th a t the s tu d en t's  p r e -e x is t in g  conceptual 
b e l ie f s  in f lu en ce , a t  l e a s t  to  same- ex te n t, the v a lu e s  vh ich  they  
INPUT. Such in fluen cin g  fee tors can came from knowledge gained  in  
rea l-w orld  experiences as the follow ing q u otations w i l l  show:
"I chose June to  p o llu te  the pond because peop le go  on p ic n ic s  
a t  th a t tim e o f  the year and throw l i t t e r  away. In w inter  
there m ight be fumes from chimneys."
(ST: POND-2 program run)
"Middle o f  the year and a l l  h erb ivores -  n ic e  sunny weather -  
good co n d ition s -  more l ik e ly  to  be p o llu ted  by p eop le  
dropping th ings in to  the pond."
(JB: PONDQU program run)
"I w ouldn't f is h  in  the w inter."
(CH: PONDGAME program run)
"With th e p o llu tio n  o n e . . .  I  was p r e ss in g . . .  the d i f f e r  a i t  
le v e l s ,  because I  was imagining vhat i t  would b e . . ."
(FQ: P0ND2HELP in terv iew )
In co n tra st to  th ese  "informed" INPUTs, i t  seems from v h at many o f  the
studen ts sa id  during th e ir  post-run in terv iew s th a t v a lu e s  were chosen
e ith er  by qu e ss  work or by choosing median v a lu e s . This was e s p e c ia l ly
so  vhen th ese  v a lu es  were INPUT as the s tu d en t's  f i r s t  attem pt o f  th a t
p a rt o f  the program. Experience in  using the program would u su a lly
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d ic ta te  the v a lu e  to  be INPUT in  the fo llow in g , r e la te d  ep iso d es.
(iii) The effect of preconceptions on the nature of 
observation statements
Previous learn ing experiences should have taught the stu d en t vh at i s  
f r u it fu l  to  observe. They should, a t  th e age o f  16 years or o ld er , be 
ab le  to  in te r p r e t  g rap h ica l and tabular forms o f  d a ta . However, 
complex g ra p h ica l and tabular p resen ta tio n s  can sometimes lead to  
m istakes in  in te r p r e ta tio n . More s e r io u s ly , i t  appears th a t c er ta in  
preconceived id ea s and concepts h e ld  by a stud en t can lead to  in c o r re c t  
observation  statem ents being made. The formation o f  such in v a lid  
observation  statem ents might lead to  the formation o f  in c o r re c t  
concepts. To seme ex ten t the formation o f  in v a lid  ob servation s (or 
p erceptions) can be overcome by the c a r e fu l p resen ta tio n  o f  the OUTPUT 
data by the program developer and w r ite r .
S tu d en t's im aginations can become a c t iv e .  The a c t iv i t y  o f  s tu d e n t's  
im aginations i s  o ften  h igh  vhen they are using CAL programs. For 
example, th e "pond" in  th ese  programs was imagined by same stu d en ts as  
being a f is h  farm (even i f  the program was n o t P0NDGAME1) ,  a s  being 
large , as being sm all, th a t th e fishermen w eren 't fish in g  because i t  
was co ld l Such im aginations were u su a lly  n o t based on any evidence  
being presented by the program. Such im aginations were th erefo re  
products o f  p rocesses taking p la ce  w ith in  the s tu d en t's  mind evolving  
from th e ir  understanding o f  s im ila r  ex p er ien ces .
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The follow ing i s  an example Where im agination came in to  p la y  and 
in v a lid  observation  statem ents were made. EW (POND-2) p o llu ted  the  
pond using the h ig h e s t  le v e l  o f  p o llu t io n  a v a ila b le  in  the sim ulation . 
This a c tio n  w i l l  r e s u l t  in  the death o f  a l l  o f  th e pond organism s. 
I b is  e x tin c tio n  o f  the paid organisms i s  perceived  by DW, but, in  
a d d ition , h e makes statem ents th a t are in v a lid  in  terms o f  the data  
presented by the program, an e x tr a c t o f  vh ich  i s  g iv en  below:
PHYTOPIANKTON HERBIVORES FISH
(x 109 ) (xlO6 ) (ACTUAL NO.)
•  •  •  •
SEPT. 1 2 9
OCT. 0 0 0
•  •  • •  •
•  •  •  •
On seeing th is  data , the studen t made the follow ing com m ents:.........
" . . . i t  probably k i l l s  the phytpplankton f i r s t  o f  a l l  ®  -  
cu ttin g  ou t the l ig h t  or changing th e chem ical balance in  the  
w ater, and thus affecting* the herb ivore and, f is h  jaumbers. .
Once the phytoplankton are dead, th e  o th ers ;w i l l  d i e  z. a ,
Somehow the data has g iv en  the stu d en t the im pression th a t the
phytoplankton d ied  before the other organisms ( 1 ) .  Cue o b /iou s
reason vhy th is  should be so  i s  th a t h e  had n o t r e a lis e d  th a t the "1"
9for. the phytoplankton in  September r e a l ly  represented  1 x 10 p lan kton . 
I f  the student had not r e a lis e d  t h is ,  then i t  would have been a sim ple  
m atter o f  ex trap o la tion  o f  the data to  se e  i t  would have been the most 
l ik e ly  population to  have d ied  before  th e other two p o p u la tio n s. The 
plankton were, apparently, the n ea rest population  to  zero  and th ere fo re  
e x t in c t io n . During an in terv iew  I  asked EW why h e had sa id  the  
plankton had d ied  f ir s t :
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"I r e a l ly  had th a t theory in  my m in d .. . .I  th ink  the way I  
looked a t  the data was probably b iased  because in  my mind I 
was very  l a z y . . . I  find i t  much e a s ie r  i f  I  had the graph to  
compare the d a t a . . . I  probably saw i t  happen, but i t  probably 
didn' t  because I  was on ly  looking a t  in d iv id u a l p a irs  o f  
data , comparing the d ata , comparing them o n ly , w ithout 
r e a lis in g  . Subconsciously putting  a b ia s  on what I  saw ."
By p ossessing  the concept th a t the plankton are d ir e c t ly  or in d ir e c t ly
required by both o f  the o th er pond organisms for the maintenance o f
l i f e  ( 2 ) in fluenced  what h e saw ( 3 ) .
This i s  n ot a unique example. The same kind o f  im aginative response  
was, for example, produced by another stu d en t (ST: POND-2) in  alm ost 
the same con tex t as t h is  example. A r ecen t s c i e n t i f i c  paper 
(Hetherington [1983]) has revealed  s im ila r  ca ses  where s c i e n t i f i c  
observations have r e f le c te d  "personal b iases"  o f  the research'w orker. 
Hethering ton c ite d  famous s c i e n t i f i c  personages such as G a lile o  and 
Nevion.
I t  thus seems as i f  stu d en ts do n o t always look a t  inform ation in  the  
same way as a subject-m atter exp ert, or even as .a subject-m atter .expert 
would wish a stud ent to  look a t  the inform ation th a t i s  presented  by 
the sim ulation  program. A program developer, in  a l l  p r o b a b ility , 
b e lie v e s  th a t h e  i s  presenting  stud en ts w ith  a sim u lation  w ith  which 
they can experience for them selves the behaviour o f  the system  and 
acquire concepts which w i l l  exp la in  th is  m odel's behaviour. The 
program developer might b e lie v e  th a t the knowledge th a t the stu d en t 
acquires by using the sim ulation  w i l l  be the "knowledge-as-presented"  
by the CAL program.
-  327 -
We must n o t n e c e ssa r ily  assume th a t the "knowledg e-as-ccnceived" by a 
program user w i l l  be th e  same as the "knowledge-as-presented" by the  
CAL sim u lation . Preconceptions, a lack  o f  experim ental and 
problem -solving s k i l l s ,  poor observation  techniques can a l l  a f f e c t  the  
f in a l  r e s u l t  o f  a s tu d en t's  learning experience. Program developers  
should be concerned to  p resen t inform ation to  the u sers o f  a program in  
a way th a t w i l l  f a c i l i t a t e  the formation o f  v a l id  perceptions and 
con cep tion s.
(iv) Hie effect of preconceptions on concept formation
There appears to  be no d ir e c t  co rre la tio n  between the number o f  
concepts re la ted  to  th e food pyramid concept and the number o f  concepts  
th a t the studen t acqu ires during th e ir  use o f  a POND program (ex cep t  
for PONDGAME where th ere i s  a n eg a tiv e  c o rre la tio n  between the number 
o f  preconceptions and the number o f  in v a lid  concepts formed). I  w a ll  
look a t  concept formation in  g rea ter  d e t a i l  in  chapter 9 , and thus I  do  
n o t intend to  pursue th is  m atter any further h ere . ^
(v) The effect of strategic style on INPUT data
The term " stra teg ic  sty le"  i s  n o t being used a t  t h is  tim e to  d e scr ib e  
the program users c o g n it iv e , learning s tr a te g ie s ,  or " executive s ty le "  
(L au rillard , 1978b). In stead , I am r e s tr ic t in g  m y se lf to  examining 
the way in  which program u sers approach the INPUT o f  the v a r io u s  
parameter va lu es to  obtain  OUTPUT d ata . From the OUTPUT d ata , or
* "subject m atter", th e person can then employ th e ir  " executive s ty le "  to  
d iscover  thee various r e la t io n sh ip s  between p a rts  o f  th e sim u la tion  
model.
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S tr a te g ic  s t y le  i s  being taken to  mean, th ere fo re , the s tra teg y  a  
program user employs to  provide inform ation to  th e computer. This may 
in c lu d e  "button-pushing", v a r io u s le v e ls  o f  experim entation, or 
providing a median v a lu e  when the e f f e c t  cannot be p red icted  and the  
person wants to  p lay  s a fe .  The nature o f  th e s tr a te g ic  s t y le  w d ll 
depend on the person using a program, th e ir  previous exp erien ces, 
m otivation  to  learn from the program e tc .  However, I  do n o t w ish to  
pursue the m atter any further h ere  s in c e  I  w d ll examine whether or n o t  
stud en ts use GAL sim ulation s in  a " sc ie n tif ic "  way in  chapter 10.
(v i)  The e f f e c t ,  of-having a  la r g e  number o f  s e t s  of-INPUT d a ta  r
A person who makes a r e la t iv e ly  la rg e  number o f  INPUT a c tio n s  w i l l  
probably look a t  a wide range o f  behaviour p a ttern s o f  the s im u lation  
model. A person provides a la rg e  number o f  s e t s  o f  INPUT data would, 
th erefore , be expected to  have the opportunity to  make more 
ob servation a l statem ents ; than a  - person' who provides R e la t iv e ly  few. 
On th e other hand, th ere w i l l  a ls o  be a personal e f f e c t  in  th a t seme 
people w i l l  be ab le  to  ob ta in  more inform ation from a p a r tic u la r  s e t  o f  
data (or su b ject m atter) than another.
A c o rr e la tio n  appears to  e x i s t  between the number o f  s e t s  o f  data  INPUT 
and th e number o f  observation  statem ents th a t are  made by the stu d en ts  
in  th ese  s tu d ies  who used PQND-2 and P0ND2HELP (both c o r r e la t io n s  being 
a t  th e 95% le v e l  o f  s ig n if ic a n c e )*  A person who provides a ia rg e  
number o f  s e t s  o f  INPUT data i s  l ik e ly  to  make a r e la t iv e ly  la rg e  
number o f  observations about the sim ulation  model and w i l l ,  a s  w i l l  be 
shown la te r , make a r e la t iv e ly  la rg e  number o f  v a l id  con clu sion s about
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th e  behaviour o f  the model. However, a d ir e c t  c o r r e la t io n  between the  
number o f  s e t s  o f  data INPUT and the number o f  v a lid  concepts 
demonstrated on ly  e x is t s  for stud en ts using P0ND2HELP (95% le v e l  o f  
s ig n if ic a n c e ) .
(v i)  The e f f e c t  o f  making a  la r g e  number o f  cb serv a ticn  statem ents
For a l l  four POND programs th ere  i s  a co rre la tio n  between the number o f  
observation  statem ents made • by a stud en t and th e number o f  v a lid  
concepts demonstrated. I t  could be argued th a t  t h is  c o rr e la tio n
m erely rep resen ts the c a p a b il ity  o f  c er ta in  stud en ts to  provide  
observation  statem ents and statem ents representing th e ir  understanding 
o f  r e la t io n sh ip s  e x is t in g  w ith in  the - sim ulation  model. - However,: I  
b e lie v e  th a t, although th is  may be tru e, i t  i s  a ls o  true th a t i f  a 
stu d en t i s  encouraged to  make observation s then s /h e  i s  more l ik e ly  to  
form th ese  conceptual r e la t io n s h ip s . This c a rr e la tio n  th a t appears to  
e x i s t  for students using a l l  o f  the POND programs tends to  support 
t h i s .  Students who are capable o f  making e x p l i c i t  statem ents could be 
dem onstratingJ in v a lid  as w e ll  a s  v a lid  r e la t io n s h ip s . A c o r r e la t io n  
between the number o f  ob servation  statem ents and th e  number o f  in v a lid  
concepts demonstrated does n o t e x i s t  except for stu d en ts using POND-2. 
It seems th erefore  a  u se fu l a c t iv i t y  to  encourage stu d en ts to  s e e  as  
much as p o ss ib le  in  the OUTPUT data  s in c e  i t  i s  probable th a t  by so  
doing the form ation o f  v a lid  concepts w i l l  be encouraged.
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8 .4  Hie E ffe c t  o f  Program Structure on Learning Behaviour
In th e previous se c t io n  (8 .3 ) o f  th is  chapter I in d ica ted  th a t the  
d if fe r e n t  POND programs appear- to  encourage a d if f e r e n t  range o f  
co g n itiv e  a c t i v i t i e s .  I  now want to  look a t  how variou s in t r in s ic  and 
e x tr in s ic  fe e  to rs  a f f e c t  the learn ing behaviour o f  stu d en ts who use the  
POND programs.
To ach ieve th is  aim I  have adopted the procedure o f  " i f . . .  . th e n . . ."  I  
w i l l  choose a su ita b le  s ta r tin g  p o in t for a stu d en t who has 
demonstrated a p a r tic u la r  \c h a r a c te r is t ic  and se e  - what .happens i f . . .  
(using th e c o rr e la tio n s  shown in  appendix 19 and fig u re s  8 .6  to  8 .9  
in c lu s iv e ) .  From the "then" I  once again  see  what happens " i f . . . " ,  
and so  on u n t i l  the process cannot be taken any fu rth er . Because the  
stru ctu re  o f  th e POND programs i s  somewhat d if fe r e n t  and thus because 
d if fe r e n t  c o rr e la tio n s  appear to  e x i s t ,  i t  w i l l  be n ecessary  to  choose  
d if fe r e n t  s ta r tin g  p o in ts  for  each o f  th e  POND programs*; H ie end 
r e s u lt  o f  th is  study are a number o f  scen arios which I  b e lie v e  show the  
e f f e c t  th a t program stru ctu re  can have on learning behaviour. %
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8 .4 .1  The e f f e c t  o f  d if fe r e n t  le v e l s  o f  understanding o f  the concept 
"food pyramid" on the c o g n it iv e  behaviour o f  stu d en ts using  
POND-2 and PQND2HELP
Students have somewhat d if f e r e n t  p r e -e x is t in g  conceptual stru c tu res  and
thus e x h ib it  a d if fe r e n t  understanding o f  th e variou s concepts
subordinate to  the concept "food pyramid" (as demonstrated in  the
pre-program run in te r v ie w ). I t  i s  to  be expected , th ere fo re , th a t
they w i l l  e x h ib it  d if fe r e n t  approaches to  using th ese  programs.
Bor the f i r s t  scen ario  I  want to  look  a t  the probable behaviour o f  
someone who canes to  use POND-2 w ith  an apparently has a good 
understanding o f  the concept "food pyramid".
By p ossessin g  same considerab le  knowledge o f  the food pyramid concept, 
the s tu d en t's  s tr a te g ic  s t y le  fo r  using the program i s  one which 
in v o lv es  l i t t l e  experim entation. The student, in  a l l  p r o b a b ility , 
w i l l  use POND-2 follow ing the recommended modal order ( th a t  i s ,  modes
1 ,2 ,3  and 4 ) .  In o th er words, h e  w i l l  n ot want to  wander from the  
path which th e  prog ram im p lic i t l y  in d ic a te s  th a t h e  should < ta k e . - He 
w i l l  n o t "see what happens i f . . . " .  This i s  su b sta n tia ted  by th e h igh  
n egative  co rr e la tio n  th a t e x is t s  between the number o f  preconceptions  
and the number o f  h yp oth esis te s t in g  a c t iv i t i e s  th a t stu d en ts using  
POND-2 dem onstrate.
A lte r n a tiv e ly , i f  the stud en t has a good understanding o f  th e  m odel's 
behaviour, th ere  i s  a low p r o b a b ility , or perhaps d e s ir e , bo t e s t  th e ir  
understanding o f  th e  model or system . Perhaps th is  i s  because the  
system seems fom iliar? S ince th ere i s  a c o r r e la t io n  between the  
number o f  experim ental types o f  c o g n it iv e  a c t iv i t y  and th e number o f  
s e t s  o f  INPUT data , i t  fo llow s th a t students in  th is  scen a r io  are
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u n lik e ly  to  INPUT a large  number o f  s e t s  o f  d a ta . This may be because 
th is  type o f  stu d en t does n o t need to  ach ieve so  much when working w ith  
a sim ulation  vh ich  appears to  be a fa m ilia r  one. I t  a ls o  fo llo w s th a t  
s in c e  th is  type o f  stu d en t does n o t INPUT many s e t s  o f  d ata , n e ith er  
does h e  make many observation  statem ents nor dem onstrate the formation 
o f  many v a lid  concep ts.
On the o th er hand, u sers o f  POND-2 who have l i t t l e  or no understanding 
o f  the concept "food pyramid" and i t s  subordinate con cep ts, w i l l  
probably e x h ib it  a p attern  o f  behaviour op p o site  to  th a t I  have ju s t  
d escr ib ed . These stud en ts tend to  use POND-2 using experim ental-type  
c o g n itiv e  a c t i v i t i e s .  Because they have very  l i t t l e ,  knowledge about 
the system they are unable to  INPUT data which w a ll cause the  
sim ulation  model to  respond in  a known, or p red ic ted , way. The 
stud en t w i l l  want to  "see what happens i f . A s  s /h e  form ulates 
id ea s  as to  how the model behaves s /h e  t e s t s  th ese  id e a s , and perhaps 
m od ifies them according to  the ob servations th a t s /h e  makes. These 
experim ental types • o f  c o g n it iv e  a c t iv i t y  are demonstrated by the  
stud en t in  a number o f  ways. This type o f  stu d en t tends n o t fo llo w
•i
the recommended modal order. Secoridly, the stu d en ts w a ll tend to  
produce and t e s t  hypotheses about th e r e la t io n sh ip s  o f  th e organism s in  
the pond and how th ese  organisms behave under d if f e r e n t  s i tu a t io n s .  
These stu d en ts tend, th erefo re , to  INPUT a r e la t iv e ly  la r g e  number o f  
s e t s  o f  data , probably because they need to  fin d  more about th e model 
than do stu d en ts who a lready p o ssess  many o f  the concepts forming the  
superordinate concept. By in p u ttin g  a la rg e  number o f  s e t s  o f  d ata , 
the stud en t i s  l ik e ly  to  make a la rg e  number o f  ob serva tion s and thus 
demonstrate a la rg e  number o f. concepts r e la ted  to  the food pyramid 
concept.
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I t  thus seams th a t i t  i s  the student who ccmes to  use POND-2 knowing 
l i t t l e  about i t  beforehand, i s  capable o f  making the b e s t  u se  o f  the  
program. They w a ll use i t  in  a f le x ib le  way to  find ou t a s  much as  
they can about the model. They w i l l  dem onstrate mare concepts during 
th e ir  program run than the student who ccmes to  th e program w ith  a 
consid erab le  number o f  r e la ted  p recon cep tion s. P revious, r e la te d  
knowledge, appears, th erefore , to  in te r fe r e  w ith  the learn ing  
a c t i v i t i e s  demonstrated t y  u sers o f  th is  program.
In many ways th e stru ctu re  o f  P0ND2HELE? promotes a s im ila r  behaviour o f  
stud en ts who use i t  as does POND-2. Students who s t a r t  using the  
P0ND2HELP w ith  a good understanding o f  the food pyramid concept ( in  
terms o f  the number o f  r e lev a n t concepts demonstrated in  th e  
pre-program run in terv iew ) tend not to  experim ent, tend bo INPUT few 
s e t s  o f  data , make few observation  statem ents and dem onstrate few 
concep ts. As w ith  POND-2, th erefore , th e b e s t  use o f  the program i s  
made t y  those w ith  l i t t l e  prior knowledge.
A sim ila r  c r ite r io n  to  the number o f  concepts demonstrated during th e  
pre-run in terv iew  i s  the "level-of-u nderstand in g"  (L.O.U) which i s  
ca lcu la ted  according to  the answers provided t y  the stu d en ts using  
P0ND2HELP to  q u estion s posed a t  the beginning o f ,  and throughout th e ir  
program run. Those students who have a h igh  mean L.O.U. (e ith e r  
through having a good p rior  knowledge, or becoming knowledgeable  
through using the program) tend to  q u estion  what they s e e .  This 
r d ia le c t ic  response may be encouraged t y  the q u estion s through which th e  
L.O.U. i s  c a lcu la te d . These q u estion s could s tim u la te  stu d en ts  to  
question  concepts they h o ld . The q u estion s m ight, for example,
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provide an a lte r n a t iv e  concept vhich  the stu d en t i s  more w illin g  to  
b e lie v e , and thus the process o f  conceptual exchange takes p la c e .  
D ia lectism , for  stu d en ts using P0ND2HELP, appears to  encourage 
experim entation (ra th er  than ju s t  h y p o th e s is - te s t in g )  and the formation  
o f  p r e d ic t io n s . D ia lectism  a ls o  appears to  encourage the formation o f  
in v a lid  concepts ( l e s s  l ik e ly  to  develop  v a lid  co n cep ts? ). I t  i s  h ere  
th a t the two scen arios for those studen ts using P0ND2HELP may be 
s im ila r , although they had somewhat d if fe r e n t  s ta r t in g  p o in ts .
The q u estion s and the ad vice provided in  P0ND2HEIP d o e s n 't , th erefo re , 
seem to  have changed the program 's' fu n ctio n a l s tru c tu re  when the  
co g n itiv e  behaviour o f  the studen ts using P0ND2HELP and POND-2 are  
compared.
8 .4 .2  The e f f e c t  o f  follow ing the im p lic i t ly  recommended modal order  
on the c o g n it iv e  behaviour o f  stu d en ts using  PONDQU
U nlike the stud en ts using' POND-2 and P0ND2HEI.P, stu d en ts . using .PONDQU : 
who have a good p r io r  knowledge and a poor p r io r  knowledge appear to  
show no d if fe r e n c e  in  th e ir  a c t i v i t i e s .  The answer fo r  th is  marked 
d if fe r e n c e  must l i e  somehow w ith  the q u estion s th a t  a re  included  in  
PONDQU s in c e  th is  i s  th e  on ly  d if fe r e n c e  e x is t in g  between the programs.
The q u estion s included in  PONDQU are intended to  provide stu d en ts w ith  
a good b a s ic  understanding o f  the sim ulation  model and th e  food pyramid 
concept. They provide an understanding o f  food ch a in s, the p la c e  o f  
each organism in  th e food chain, and an id ea  o f  th e  r e la t iv e  s i z e  o f  
each o f  the p o p u la tio n s. Consequently, '. even i f  a s tu d e n t . does n o t  - >. 
commence the program run w ith a good understanding o f  th e  food pyramid
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concept, s /h e  w i l l  be provided w ith much o f  the p rereq u is ite  
inform ation fo r  using th e s im u lation .
S in ce I cannot use the same s ta r tin g  p o in t  a s  p rev io u sly , I  w i l l  
commence th is  scen a r io  by s e le c t in g  s t if le n ts  fo r  vham PONDQU has a 
strong f-s tr u c tu r e  w ith  resp ec t to  follow ing the im p lic it ly  recommended 
modal order. Students using PONDQU fo llow in g  the im p lic it ly  
recommended modal order, have an in v a r ia b il i ty  fe e  tor  o f  + 1 .0 . They 
appear to  demonstrate more concepts than th ose stud en ts who have a 
lower in v a r ia b il i ty  fa c to r . I t  i s ,  however, d i f f i c u l t  to  see  from the  
c o rr e la tio n  fee  tors between the s tu d en t's  variou s c o g n it iv e  a c t iv i t i e s  
vhy th is  should b e .s o l  The cause seems to  a r is e  from the s tu d en t's  
c a p a b il ity  to  produce learning s itu a t io n s , th a t i s  have s tr a te g ic  
a c tio n s  vh ich  enable him to  make o b serva tion s. U nlike POND-2 and 
P0ND2HELP, i t  does n o t seem to  make any d if fe r e n c e  as to  the number o f  
s e t s  o f  INPUT data a stud en t u ses to  obta in  inform ation about the  
m odel's behaviour. A ll  studen ts appear to  be provided w ith  enough 
in form ation . v : : There are, however, p o s i t iv e  c o r r e la t io n s  between the  
number o f  s tr a te g ic  a c tio n s  (in clud in g  enquiry s k i l l s )  th a t a studen t 
dem onstrates and (a) the number o f  observation  statem ents th a t are  
made, (b) the number o f  v a lid  concepts th a t are  dem onstrated, and (c)  
th e number o f  h y p o th e s is - te s tin g  a c t i v i t i e s  dem onstrated. There i s  
a ls o  a p o s it iv e  co rr e la tio n  between th e number o f  observation  
statem ents made and the number o f  v a lid  concepts dem onstrated. The 
scen a r io  m ight thus be: by making a number o f  s tr a te g ic  a c tio n s  and by
v a r iou s h y p o th e s is - te s tin g  a c t i v i t i e s  the program-user i s  a b le  to  make 
observation s and. thus demonstrate a r e la t iv e ly  la rg e  number o f  v a lid  
con cep ts. Users o f  PONDQU who do n o t dem onstrate many s tr a te g ic ,  
a c tio n s  or do n o t t e s t  hypotheses are u n lik e ly  to  g a in  much from th is
-  336 -
(se c tio n  8 .4 .2 )
program in  terms o f  v a lid  concepts th a t they are  a b le  to  demonstrate 
(o r  a cq u ire ).
8 .4 .3  The e f f e c t  o f  making a la rg e  number o f  s tr a te g ic  d e c is io n s  on 
the c o g n itiv e  behaviour o f  students using PQNDGAME
PONDGAME, as m ight be p red ic ted , encourages stu d en ts to  make s tr a te g ic  
d e c is io n s , to  experiment, and to  make and t e s t  h yp oth eses. I t  does 
n o t seem to  m atter what the s tu d en t's  th e o r e t ic a l background i s ,  th a t  
i s  whether they demonstrate a good or a poor understanding o f  the food 
pyramid concept in  the pre-run in terv iew , the program's stru ctu re  
a llow s a l l  to  succeed eq u ally  w e ll .  There i s  no c o r r e la t io n  between a 
p erso n 's  p r io r  knowledge and the formation o f  v a lid  concepts. 
PONDGAME appears to  encourage the dem onstration o f  more v a lid  concepts 
than e ith e r  o f  the o th er three POND programs. However, the v a lid  
concepts demonstrated by th ose using th is  program are  o ften  n o t  
d ir e c t ly  re la ted  to  -the food pyramid concept (e g . " fish  e a t  
h erb ivores" ), but are statem ents more in  the nature o f  c a u s a lity  (eg . 
"too many f is h  caught in  the beginning o f  the y ea r" ). This la t t e r  
type o f  concept however does show the s tu d en t's  a p p rec ia tion  o f  fac to rs  
a ffe c t in g  the ecosystem , and thus in d ir e c t ly  show an understanding o f  
th e sim ulation  model.*
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8 .5  R eflec tio n s  on the Use o f  th e  In tera ctio n  Model in  the Study
o f  Learning
8 .5 .1  The V a lid ity  o f  the Model
By using the In tera ctio n  Model to  d escr ib e  the even ts which take p la ce  
vhen a  person uses a CAL program, i t  was my in te n tio n  to  d escr ib e  the  
d e t a i l  o f  th e student-CAL in te r a c t io n s  promoted by th ese  programs. In 
d escr ib in g  th is  d e t a i l  I  hoped to  se e  how stud en ts used the programs 
and th us, th e factors th a t in f lu e n c e  th e ir  c o g n it iv e  a c t i v i t i e s .  
I b is ,  a s  I  have p rev iou sly  in d ica ted , req u ires d e ta ile d  p ro to co l 
a n a ly s is . The d e ta ile d  a n a ly s is  o f  students' p ro to co ls  enables a 
q u a n tita tiv e  comparison o f  learn ing  behaviour to  be made. Such a 
q u a n tita tiv e  comparison must n o t be taken as being in t r in s ic a l ly  tru e . 
Students do n o t always make o v e r t statem ents o f  what they are see in g  
nor o f  the ru les/law s/axiom s e t c .  they have le a r n t  by using the  
sim u lation  model. Consequently, some inaccuracy i s  inh erent in  the  
data obtained in  th is  fa sh io n .
By using the co rre la tio n  d a ta , however, merely to  g u id e  th in k in g , to  
make g e n e r a lisa t io n s , rather than to  r ig id ly  compare program w ith  
program, they can be a u se fu l a id  to  understanding how the programs 
work. I  b e lie v e  th a t I have done th is  vhen producing the sce n a r io s . 
These scen arios are o f  use in  th a t, I  b e lie v e , they in d ic a te  or p r e d ic t  
how stu d en ts might behave c o g n it iv e ly  under v a r iou s c ircum stances. 
They are , in  many ways, those one would have expected . PONDGAME, for  
example, appears to  encourage var iou s experim ental types o f  c o g n it iv e  
a c t iv i t y  which are p red ic ta b le  a c t i v i t i e s  for anyone p laying a game.
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The In tera ctio n  Model would seem to  be a v a lid  method for the a n a ly s is  
o f  stu d en t learning behaviour in  th a t i t  has shown th a t POND-2 and 
P0ND2HELP encourage a s im ila r  p a ttern  o f  behaviour. P0ND2HEIP d i f f e r s  
frcm POND-2 in  th a t i t  asks q u estio n s o f  the stud en ts understanding a t  
tim es during th e ir  program run and i t  provides h e lp  when th is  i s  
requested . Both the q u estion s and the h e lp  provided were designed so  
as n o t to  be too in tr u s iv e . They do n ot tr y  to  d ic ta t e  vhat the  
student should b e lie v e , nor d ic t a t e  What the stud en t should do. Thus,
I  would n o t have expected a marked d if fe r e n c e  in  learning behaviour o f  
stud en ts using POND-2 and P0ND2HFI P . In ad d itio n , the method o f
a n a ly s is  does appear to  be s e n s i t iv e .  I t  d e tec ted , for  exanple, a
la rg er  number o f  d ia l e c t ic  statem ents encouraged by the s tru ctu re  
(q u estion s) o f  P0ND2HELP.
The purpose, th a t o f  p resen tin g  a "true" p ic tu re  o f  even ts and 
explain ing than, o f  th is  form o f  research  must always be borne in  mind. 
As P a r le t t  (1977) says:
■ "Pres on ting  a recogn isab le  r e a l i t y  i s  the major means o f
v a l id i t y  t e s t in g . . ."
In presenting  c a se -s tu d ie s , where one i s  attem pting to  exp la in
behaviour o f  in d iv id u a ls  in  a learn ing s itu a t io n , one method for
determ ining the v a l id i t y  o f  th a t  work i s  to  r e fe r  back to  the
p a r tic ip a n ts  for th e ir  op in ion  o f  th e a n a ly s is . The p a r tic ip a n ts  are
asked whether they b e lie v e  th e  researcher has produced a true
rep resen tation  o f  how they performed in  the learn ing s itu a t io n  under
study (fo r  example see  P a r le t t ,  1977; Simcns, 1977? Smith, 1977;
Kushner and N orris, 1981; Terhardt, 1981). I adopted th is  procedure
as a means for te s t in g  th e v a l id i t y  o f  the approach I  adopted to
produce th ese  scen a r io s . However, as the completed scen a r io s  were
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only  a v a ila b le  a t  a la t e  sta g e  in  th ese  s tu d ie s , I  have on ly  been a b le  
to  in terv iew  f iv e  stu d en ts, a l l  o f  whcm used P0ND2HELP. These 
students included th ose who had a "good" i n i t i a l  understanding and 
those who had a "poor" i n i t i a l  understanding o f  the food pyramid 
concept. These represented both extremes and the median p o s it io n  o f  
the s ta r tin g  p o in t for  the scen a r io . Figure 8 .12  shows th e variou s  
d e t a i l s  o f  how th ese  f iv e  stud en ts used the program and a ls o  how I  
would p r e d ic t  they would behave (based on the number o f  concepts w ith  
which they began th e ir  program run and the co rre la tio n s  in d ica ted  in  
the sc e n a r io ) .
DG 
Obs Exp
MB 
Obs Exp
RC2 
Obs Exp Obs
FQ
Exp
SB 
Obs Exp
No. Concepts 
a t  s ta r t
4 1 0 2 2
In v a r ia b ility
fa c to r
No. Hypoth-
.85 1 - .6 2 .09 - .0 2 - .2 1 .31 .4 .42 .4
te s t in g
a c t iv i t i e s
0 - .2 4 1 .02 0 .35 0 .06 0 .06
No. Inputs 
No.
12 9 .3 21 15 .4 7 17.4 10 13 .4 23 1 3 .4
Observations 
No .V alid
52 45 101 57 .4 36 61.5 31 53.3 52 53 .3
Concepts 5 4 .1 19 7 0 8 7 6 7 6
Figure 8 .12  Observed and pred icted  v a lu es  .for  a c t i v i t i e s  seen
as s ig n if ic a n t:  in i-the PCM32HEIP -scenario  —
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During the in terv iew  w ith  each o f  the stud ents (which was tape-recorded  
and transcribed verbatim ) I  pred icted  how each o f  the stu d en ts would 
behave during th e ir  program run. My p red ic tio n s  were based on the  
number o f  concepts they had demonstrated during the pre-run in terv iew .
%
DG was the on ly  stu d en t to  have a reasonably good knowledge o f  th e food 
pyramid concept b efo re  the program run, and thus th e on ly  stu d en t who I  
would p r e d ic t  n o t to  experim ent very  much w h ils t  using the sim u la tio n . 
MB and RC2 were a t  th e  o p p osite  end o f  the "spectrum", and thus I  
predicted  th a t they would experim ent. FQ and SB showed an "average" 
understanding (being a t  th e median v a lu e  for stu d en ts who used th is  
program), and thus I  p red icted  th a t they would experim ent, but expected  
sane doubt to  be expressed by th ese  stud ents as to  whether they had 
used the program very  experim en tally .
Each student agreed w ith  my p r ed ic tio n s  except FQ who had seme 
reservation s th a t  she had been experimenting a l l  the tim e sa y in g :
"I think that* s  f a ir ly  reasonable!" (ny emphasis) -  -
The data shows th a t  my p red ic tio n s  were on ly  wrong, in  terms o f  th e  
data presented in  Figure 8 .1 2 , in  the ca se  o f  RC2 who, though saying h e  
had experimented, showed no h yp oth esis te s t in g  a c t i v i t i e s  a t  a l l?  who 
sa id  h e had le a r n t  a con siderab le  amount about how th e pond worked, t u t  
who demonstrated the formation o f  no v a lid  concepts a t  a l l  I
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The students p a r tic ip a tin g  in  th ese  s tu d ies  thus showed in d ir e c t ly  
th e ir  b e l i e f  in  the v a l id i t y  o f  the In tera ctio n  Model and the way I  had 
used i t  to  produce a scen a r io . However, the data shows th a t for  
in d iv id u a ls , ra th er  than the group as a  whole, the model, basing the  
p red ic tio n s on one fa c to r , can f a i l  to  p r ed ic t how th a t person w i l l  
bdnave.
8 .5 .2  The D escrip tion  o f  the Learning Process
Ihe In tera ctio n  Model can thus be used to  d escr ib e  the o v e r a ll  process  
o f  the student-CAL in te r a c t io n , i t  can be used to  determ ine the e f f e c t  
th a t variou s fe e  to r s  can have on the learning p r o c ess . In a d d itio n , 
u n lik e  o th er methods o f  p ro to co l a n a ly s is  (fo r  example, L au rillard  
1978a) th ese  diagrammatic rep resen tation s o f  learn ing show the  
ep iso d ic , or  non-continuous, nature o f  the learn ing p ro cess . I t  has 
been suggested th a t the learn ing process i s  * a continuous p ro cess; ' one 
event leading to  th e n ex t as shown in  s te p  A o f  th e fo llow ing diagram:
INPUT
0 UT PU Tj OF 
DATADATA
OUTPUT OFINP UT
DATAOF
DATA
f O B S E R V A  Ti l CONCEPT
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Instead , th e stud en ts o ften  seem to  use a program in  d is c r e te  s ta g e s ,  
the fin d in gs o f  each s ta g e  p o ss ib ly  being be re la ted  to  another a t  a 
la te r  s ta g e  in  the program run, for  example, by comparing data obtained  
a t  d if f e r e n t  tim es during th e ir  program run, by remembering vihat they  
had seen , vfoat they thought had happened e tc .
Overall, the Interaction Model has enabled me to represent the 
student-CAL interaction in a clear and detailed manner. It is a 
method which ! have found to encourage a deeper analysis of the 
students* cognitive processes than I might otherwise have been capable 
of performing. The Interaction Model is not only an analytical tool, 
but a representation of my understanding of the student-CAL 
interaction.
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Chapter 9
The Promotion o f  Concept Formation by the POND Programs
9 .1  Introduction
The use o f  the POND programs i s  intended to  be a m eaningful experience  
e ith e r  in  promoting the a c q u is it io n  o f  the variou s concepts concerned 
w ith food pyramids and the dynamic nature o f  ecosystem s, or in  
providing further exorrplars o f  th ese  concepts for  th ose vho already  
p o ssess  th ese  concep ts.
I  have already described  in  chapter 7 how I  attempted to  use concept 
maps to  fo llow  and d escr ib e  concept formation as in d iv id u a l students  
use the POND programs. In chapter 8 I  have describ ed  th e  In tera ctio n  
Model representing the student-CAL in te r a c t io n  which can lead to  
concept formation and various oth er c o g n it iv e  a c t i v i t i e s .  Using the
In tera ctio n  Model to  analyse stud en t p ro to co ls  a llow s sane o f  the  
d if f e r e n t  co g n itiv e  behaviours and fa c to rs  a ffe c t in g  behaviour to  be 
d escr ib ed . In th is  chapter I  w i l l  look  in  g r ea ter  depth a t  concept 
learn ing a c t iv i t i e s  and the nature o f  th e concepts so  formed.
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9 .2  The POND Programs and Forms o f  Concept Learning
9 .2 .1  Causal Explanations
In CAL sim ulation  programs, the behaviour o f  the model i s  being  
observed by th e stu d en t. For concept formation to  take p la c e , i t  i s  
n ecessary  for  the program user  to  be a b le  bo determ ine the cause o f  
cer ta in  even ts.
" It i s  im portant to  le a m  th a t an even t A i s  regu larly  
accompanied by another even t B."
(Hanson, 1969; page 271)
But, a s  Hanson (ib id ) a ls o  s t a t e s ,  i t  may be more important to  know
what causes even t B bo fo llo w  even t A. To know a cause enables one to
e ith e r  prevent event B from taking p la c e , or  how we can encourage th e
occurrence o f  event B. I f  we renave, or  preven t event A from taking
p la ce , and i f  even t B does n o t take p la c e , we can say th a t A causes B.
I f  we provide the necessary  co n d itio n s fo r  event A to  occur, and even t
B takes p la ce , then we can a ls o  say th a t A causes B.
I t  i s  n ecessary , o f  course, to  ask  why should two even ts be r e la ted  by 
a person vho h yp o th esises  th a t one even t (A) i s  the cause o f  the o th er  
even t (B ). One obvious exp lanation  i s  th a t even t B (th e  e f f e c t )  i s  
c lo s e , e ith e r  in  space or tim e, to  even t A ( th e c a u se ) . There i s  a ls o  
the p o s s ib i l i t y  th a t the repeated p ercep tion  o f  even t p a ir s , even t B 
follow ing even t A, w i l l  be construed as cause and e f f e c t .  To construe  
such an even t-p a ir  as cause and e f f e c t  m ight r e s u lt  in  a m isconcep tion . 
I t  may be th a t event B follow ing even t A i s  m erely a co in c id en ce . To 
prevent the re ten tio n  o f  such a m isconception i t  i s  n ecessary  to  
e s ta b lish  the cau sa l law. Hansen (1969) comments th a t:
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"Events vhich we custom arily  r e fe r  to  as causes are rare ly  
thought o f  in  n eu tra l term s. Theory-loaded nouns and verbs 
are used rather than phencmenonal nouns and v e r b s ....T h e  
d iffe r e n c e  i s  th a t between seein g  hew and seeing
t h a t . . .  .E ffect-w ards are  laboratory a s s is ta n ts '  
w ard s.. .  .Chuse-wards are  research s c ie n t i s t s '  wards."
(pages 303-4)
Effect-w ards and cause-wards show a d if fe r e n c e  in  the le v e l  o f  
understanding, the extremes o f  vhich  may be seen in  "lay science" and 
" s c ie n t is t ' s  sc ien ce" .
During th e ir  use o f  a CAL sim u lation  students m ight se e  twa types o f  
cau sa l agent:
i )  This type o f  cau sa l agent i s  represented by figu re  9 .1 .b .  
Here the cau sa l g e n t  i s  perceived  as an a c tio n , or even t, 
th a t the studen t i s  resp on sib le  for  in i t ia t in g ,  by providing  
a p a r ticu la r  s e t  o f  INPUT parameter v a lu e s .
i i )  Here the cau sa l g e n t  i s  a perceived  even t th a t occurs during 
the sim ulation , and i s  seen as the cause o f  a fo llow ing  
perceived even t. Two such events would be seen as cause and 
e f f e c t  e ith e r  because th e student has a  repeated p ercep tion  
o f  th is  ev en t-p a ir , or because the second event i s  seen to  
occur very soon a f t e r  the f i r s t .
During th e ir  use o f  a sim u lation  prgram , in d iv id u a ls  may:
i )  have preconceived id ea s  as to  vhat should happen vhen c e r ta in  
a c tio n  events occur, and th a t th ese  concepts are  te s ted  g a i n s t  the  
subsequently perceived even ts; such a method o f  concept learning may be  
regarded as a hypo the t ico -d ed u c tiv e  form.
i i )  n o t be ab le  to  exp la in  c e r ta in  p erceived  even ts using th e ir  
p resen t conceptual s tru c tu re . Consequently, an explanation  must be  
sought for  th ese  events vhich  are regarded by th a t in d iv id u a l a s  
su rp r is in g . Only su rp risin g  even ts or data w i l l  lead to  concept
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form ation. I f  an even t i s  n o t regarded as being su rp risin g , then i t  
must be regarded by th a t in d iv id u a l as capable o f  being explained by 
th e ir  p resen t conceptual s tr u c tu r e .
I f  an in d iv id u a l se e s  a "surprising" even t, s /h e  w i l l  b e lie v e  th a t they  
do n o t p o ssess  a concept to  exp la in  th a t even t. Consequently they  
w i l l  tr y  to  crea te  one by in t u it io n .  I f  an even t i s  n o t seen  as  
su rp risin g  there are two o p tio n s: they p o ssess  th e concept; o r  they  
b e lie v e  they p o ssess  a s u ita b le  concept vhich  i s  capable o f  exp la in ing  
th a t even t.
According to  P e ir c e 's  Abducticn Theory, the perception  by an in d iv id u a l  
o f  a su rp risin g  event would s tim u la te  th a t person to  provide vh at sesn s  
to  them as a reasonable h y p o th es is , a cause, to  account for  th a t even t. 
This h yp oth esis  m ight norm ally be expected to  be te s ted  i f  th e e x e r c ise  
were a s c i e n t i f i c  one. According to  P e irce , such a s c i e n t i f i c  te s t in g  
o f  a hyp oth esis c o n s is t s ,  in  the f i r s t  p a r t, o f  the p rocess o f  
deduction ( to  .d ecid e  i on ua < s u ita b le  experiment b y v h ic h -  i t  could ; be 
te sted  and the r e s u lt s  vh ich  should be obtained by th a t experim ent), 
and in  the second p a r t, o f  th e p rocess o f  ind u ction  ( to  perform th e  
experim ent and compare th e p red icted  r e s u lt s  w ith  the r e s u lt s  obtained  
by th e experim ent).
Not a l l  in d iv id u a ls  behave in  such a rigorous s c i e n t i f i c  mannerl 
Hypotheses may be put forward as an explanation  for  a p a r tic u la r  even t, 
but l e f t  for la te r  confirm ation or  r e je c t io n . In the meantime th a t  
* concept i s  retained  as an a ccep tab le  concept. however, I  do n o t w ish  
to  pursue P e ir c e 's  ph ilosophy any fu rther a t  th is  p o in t . I  w i l l  
examine P e ir c e 's  theory in  g r e a te r  depth in  chapter 10.
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9 .2 .2  Forms o f  Concept Learning
In th ese s tu d ies  I  have been a b le  to  d e te c t  four forms or  s tr a te g ie s  o f  
concept learn ing , th e p r in c ip le s  o f  vhich are shown diagram m atically in  
fig u res  9 .1  (a -d ) .
In the narrowest sen se , concept learning i s  m erely th e crea tio n  o f  a 
hyp oth esis to  exp la in  an even t or s e r ie s  o f  ev en ts . This concept can 
la t e r  be shown to  be c o rr e c t or  i t  can be rejec ted  as an u n sa tis fa c to r y  
exp lanation . In learn ing s itu a t io n s  involv ing the use o f  unfam iliar  
CAL sim u lation s, i t  might be expected th a t concepts are developed  
in t u it iv e ly  by an in d iv id u a l to  account for the behaviour o f  th e model.
On the other hand, i f  the sim u lation  model appears to  be a  fam ilia r  
one, ccncepts ivwithin' (the- in d iv id u a l's  iexistihg> I c c g n it iv e  - stru c tu re  
m ight be used to  exp la in  the p erceived  behaviour. These concepts may 
be te s te d . Such te s t in g  would be carr ied  o u t by a 
h yp oth etico-d ed u ctive method.
Of the four types o f  concept learning th a t I  have been a b le  to  
d is t in g u ish , three (typ es A,B and C) in v o lv e  the in t u i t iv e  adoption o f  
a reasonable concept to  exp la in  the behaviour o f  the s im u lation  model. 
The fourth form o f  concept learn ing (type D), the h y p o th etico -d ed u ctiv e  
method, represents the te s t in g  o f  a hyp oth esis to  determ ine whether i t  
i s  a su ita b le  concept for  th a t sim ulation  model.
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(s e c t io n  9 f2 .2 )
I N P U T  
OF 
DATA
OUTPUT OF 
D ATA
o b s e r v a t i o  
(B )
CONCEPT  
(B ) CAUSED BY 
AN INVENTED  
C A U S E  N O T  
RE LA TE D  
T O (  A )
(a) Type A Concept formation
C ONCEPT
I N P U T
OF
D A T A
v  (A) ,
O U T P U T  OF 
, D A T A
observatk C A U SES
Type B Concept formation
IN P U T  
OF  
D ATA  
s J A )  >
W  OUT P U T OF
V  d a t a
)gSER VATION
CONCEPT
BSERVATION1 C A U S E S
(C)
Type C Concept • formation
h y p o t h e s i s  (C)
PREVIOUS KNOW-EDGE
C O N C E P T
I N P U T
OF
DATA
. t A) „
^ / O U T P U T  OF 
\  D A T A
C O N F IR M S
H Y PO TH ES IS(B)
(C )
Type D Concept formation
Figure 9 .1  Forms o f  Concept Formation
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Type A Concept learn ing (Figure 9 . 1 . a)
This in v o lv es  th e in t u i t iv e  crea tio n  and adoption o f  a h yp oth esis  to  
exp la in  a perceived  even t for  vhich  the cause i s  n o t obvious. The 
created  concept must be reasonable, i t  must make sen se  ( to  the  
in d iv id u a l) w ith in  the co n tex t in  vhich  the even t occurred. The 
follow ing e x tr a c ts  are  fran observation  p r o to c o ls , and i l lu s t r a t e  th is  
form o f  concept learn in g:
Branple 1: (DG: POND2HEIP)
Student A ction Student Carments
Chose a h igh  le v e l  o f  
p o llu t io n  in  February. The numbers decrease  
d r a s t ic a l ly ?  The 
populations k i l l e d  o f f  in  
March com pletely The 
plankton recover th e ir  
numbers, in  A p ril &  Probably 
spores(£/.*
I b is  can be shown diagram m atically:
/ I N P U T  \
/ h ig h  l e v e l
/ f  POLLUTION  
V IN  
\ F E B R U A R Y  >
/ n u m b e r ? \  
d e c r e a s e  \
DRAMATICAL^'
O U T P U T  OF 
V  DATA
T O  PUL ATI ON! 
KILLED OFF? 
IN MARCH
p r o b a b l y  
SPORES  
E N A B L IN G  
PLANKTON TO 
R E C O V E R
PLANK TO N 
R E C O V E R
-  350 -
subsequently su rp r ise ! to  s e e  th a t the plankton reappear (recover) in  
A p ril. Why should the plankton recover? He puts forward the concept 
o f  plankton surviving as spores (comment 4 ) .  This i s  a fe a s ib le  
concept s in c e  h e  appeared to  knew What plankton were, and th a t they can 
e x is t  as spores or sp o r e - lik e  s tr u c tu r es .
Example 2: (MW: POND-2)
Student A ction
Chose mode 1. 
Continued to  year 2,
Student Carments
What s h a l l  we do f ir s t?
Sudden dramatic in crea se  in  
f is h  in  May.
I t  seans th a t there are  
m ost f is h  when th ere are  
m ost herb ivores and phyto­
plankton around. Why do  
f is h  d ecrease in  March?^
They may be spawning &  The 
d ecrease  may be due to  the  
l i g h t  decreasin g; during the -. <
year in h e r e  fore" th ey  a re  ' rrv— '  " 
a l l  r e la te d ® . ~
'Ihe in te r e s t in g  p a rt o f  th is  e x tr a c t  o f  MW's ob servation  p ro to co l i s
shown below:
O U T P U T  OF 
DATA
- 3 5 1  -
> ^ I N P U T \^  
^  TO  ^  
C O N T IN U E  TO
S .  2 n d  YEAR S
'F IS H
D E C R E A S E  
I N MARCH
A L L  
P O P U L A T IO N S  
R E L A  T E D
F I S H  DECREASE
LI GH T D E C R E A  SE  
d u r i n g  Y E A R
M l s c o n c e p  t i o n
F I S H  D E C R E A S E  
MAY B E DU E TO  
SPA W N IN G
M IS C O N C E P T IO N
(se c tio n  9 . 2 . 2 )
The formation o f  a concept, according to  P e ir c e 's  Theory, occurs 
follow ing the p ercep tion  o f  su rp risin g  data . In th is  example, the  
surprising  data i s  a d ecrease in  the number o f  f i s h  in  March (comment 
1 ) .  A fter  having made t h is  p ercep tion , MW put forward two hypotheses  
vhich she thought m ight be reasonable exp lan ation s. The f i r s t ,  th a t  
the decrease may be due to  spawning (carment 2) was n o t apparently  
acceptab le s in c e  a second h yp oth esis  was put forward, th a t the d ecrease  
may be due to  a  l ig h t  decrease during the year (comment 3 ) .  The 
la t t e r  concept was probably put forward as reasonable because she saw 
the f is h  rely in g  cn o th er  pop ulations in  the pond ecosystem  vh ich  were 
dependent cn l ig h t  (e g . phytoplankton). Comment 4 appears to  
su b sta n tia te  t h is  su p p o sitio n . In fe e t ,  the accep tab le  concept 
(comment 3) i s  used h ere  as evidence supporting a h yp oth esis  
represented t y  comment 4 , and i s  an example o f  a type D form o f  concept 
learn ing , or  a h yp oth etico -d ed u ctive  form o f  concept learn in g .
Type B Concept Learning (F igure 9 .1 .b )
In th is  form o f  concept lea rn in g , the in d iv id u a l using the CAL 
sim ulation  can be regarded as an a c to r  d ir e c t ly  involved  in  the ensuing 
ep isod e. The- in d iv id u a l m anipulates the sim ulation  model t y  a 
v a r ia tio n  o f  i t s  INPUT parameters and, as a consequence, the behaviour 
changes in  a way vh ich  i s  p erceived  as being caused t y  th a t  
m anipulation. That i s ,  th e a c tio n  A (th e  change in  parameter 
v a r ia b le s) causes an even t B.
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Brample 1: (JH2: PONDGAME)
Student A ction Student Comments
INPUT 60 phytoplankton  
50 h erb ivores  
900 f is h  
2% f is h  for s a le  
No fish in g  
Low le v e l  o f  
p o llu t io n  in  October
Exclaimed vhen saw the  
phytoplankton in crea se  
d ram atically  in  numbers in
November.® I f  the p o llu tio n  
i s  the same, and the phyto­
plankton increased  la s t  year  
because o f  the pollu tantfe- 
probably because th e f is h  
knocked out^- seans p e c u lia r .
To exp la in  th is  learning ep isode req u ires sane assumptions to  be made. 
The surprisin g  event was the dram atic in crease  in  plankton in  November 
(th e  exclam ation, comment 1 ) .  Comments 2 and 3 appear to  p rovid e two 
a lte r n a t iv e  conceptions vh ich  can- exp la in  the in p rease -:in p lankton . 
Carment 2, "the phytoplankton increased  la s t  year because o f  the  
p o llu ta n t" , m ight be taken to  mean th a t th e p o llu ta n t  had a  d ir e c t  
actio n  on the plankton causing a  growth ex p lo sio n . However, carment 
3, " ..probab ly  because th e f is h  knocked out" , provides a somewhat 
d if fe r e n t  in ter p r e ta tio n . Comment ,3 iir p lie s  t h a t : -  a r u :
i )  the p o llu ta n t "knocked the f is h  out" (k i l le d  the f i s h ) ,
i i )  and th a t the plankton increased  in  numbers because th ere  were 
no f is h  ( to  a c t  as p red ators?). Q uite soon a f t e r  making 
carment 3 , JH2 sa id  " . . . t h e  f is h  need the phytoplankton"  
vhich would tend to  support th is  assum ption.
My in terp re ta tio n  o f  th is  ep isode can be represented d iagram m atically  
thus:
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/P L A N K T  0 N \  
IN CR EA SE ] 
G R E A T L Y  I n] 
S.NOV EMBER J
O U T P U T  OF 
DATA
'  FI SH  
K N O C K E D
. o u t -
(a)
/ I N P U T  
s  60P. 5 0 H .9 0 0 F  
2%  F IS H  S O LD  
KLOW p o l l u t io  
>JN  OCT /
P O L L U T IO N  
K IL L S  T H E  
F I S H
F I S H  U S E  
P L A N K T O N  AS A
S O U R C E  OF
FO 0  D
M IS C O N C E P T IO N
P L A N K T O N  
IN C R E A S E D  
G R E A TLY  BECAUSE  
OF P O LLU TA N T ;
H IS C O N C E P T I .O N
Concept (a) i s  formed as  a r e s u lt  o f  see in g  th a t p o llu t io n / one o f  the  
INPUT v a r ia b le s , has k i l le d  the f is h ,  and i s  thus an example o f  a type 
B form o f  concept lea rn in g .
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I&aniple 2: (DC: P0ND2HELP)
Student A ction Student Ccnments
INPUT a moderate le v e l  
o f  p o llu tio n  in  May. Great drop in  o th e r s . 
Obviously n o t m ore.'.. . .  
Plankton overrun everything  
e lse .®  Plankton g o t  back to  
reasonable numbers,-and 
h erb ivores. The f is h  are  
com pletely k i l l e d  o f f  
Must have i n i t i a l l y  k i l le d  
the herbivore^feo plankton  
increased  and f is h  co u ld n 't  
feed cn h erb ivores so  d ied  
out co m p le te ly .^
To understand more c c n p le te ly  what DC was saying h ere , the OUTPUT h e  
obtained a t  th is  p o in t in  the program run i s  d isp layed  below: .
MONTH PHYTOPLANKTON HERBIVORES FISH
(x 109 ) (x lO6 ) , ,
JAN 103 26 797
FEB 287 25 782
MARCH 348 55 673
APRIL 263 55 1525
MAX' 7414 7 91
JUNE 77097 1 2
JULY 2541 1 1
AUG 272 2 1
SEPT 258 5 0 5
OCT 208 * 8 0
NOV 236 18 0
DEC 251 32 0
Carment 1 r e fe r s  to  the v a s t  in crea se  in  phytoplankton numbers th a t
commenced during May, th e  month o f  the p o llu t io n , and reached i t s
maximum in  June. When DC sa id  "Must have i n i t i a l l y  k i l le d  th e
herbivores" (comment 3 ) ,  I  th ink  th a t he was re ferr in g  to  the v a s t
6 6decrease in  numbers from 55 x 10 to  1 x 10 ra th er  than to  an 
e x tin c tio n  o f  th a t pop u lation , as happened to  th e f is h  p op u la tion . 
I h is  learning ep isode can be represented thus:
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^ s e c t io n  y , z . z )
/ f N P U T \  
/  M O D E R A T E  
P O L L U T fO N  IN 
\  M A Y  >
O U T P U T  O F  
D A T A
PLANKTON ' 
IN C R E A S E  
GREATLY
P L A N K TO N
OVERRUN
E VE R Y TH ING
E L S E
r GREA T 
DECREASE
O T H E R S
/  F I S H  \
r c o m pletely '
K IL L E D  
l OFF
PO LLUTIO N  
MUST HAVE 
R R S T KILLED  
HERBIVORES
F IS H  COULD  
NOT FE E D  
THEREFORE  
D IE D
In making comment 3, DC demonstrated a type B concept form ation, 
r e la t in g  th e  INPUT data to  What happened in  th e OUTPUT d a ta .
Type C Concept Learning (F igure 9 .1 .c )
This form o f  concept learn ing d i f f e r s  from the previous one on ly  in  
th a t one event perceived  in  the OUTPUT data i s  re la ted  to  a  second 
even t a ls o  perceived  in  the OUTPUT d a ta . The f i r s t  even t i s  seen a s
I
the cause o f  the second.
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Ekaraple Is  (AB: PONDQU)
Student A ction Student Garments
INPUT a h igh  le v e l  o f  
p o llu t io n  in  August.
• • *
•  •  •
Continued to  year 2 . Fran the year b efo re  you 've  
g o t  an in crease  in  p h y to -1 
plankton vhich  in crea se s  up 
to  May when the h erb ivores  
ccme in to  the pond. Fran 
then, in crea se  in  herb ivores' 
vhich  causes^k d ecrea se  in  
the phytaplanktcd^ throughout 
the r e s t  o f  the y e a r . . .
The p a r t o f  t h is  observation  p ro to co l re lev a n t h ere  can be represented  
diagrainm atically thus:
OUTPU T O F  
D A T A
IN C R E A S E
HER BIVORESI
D E C R E A S E
P L A N K T O N
H E R B IV O R E  
IN C R E A S E  
CAUSES  
P L A N K T O N  
D E C R E A  SE
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VseuL-Lun ?
Example 2: (AY: PONDGAME)
This example o f  concept formation can be shown e a s i ly  ju s t  using a 
diagram representing the episode:
The concept formed, th a t "plankton and herb ivores a re  independent o f  
the f ish " , i s  reasonable when the two former p op u lation s su rv iv e  
w ithout the la t t e r .  I t  i s  a v a lid  concept to  form in  terms o f  th e  
concept "food pyramid" s in c e  pop ulations in  the food pyramid, such as  
are plankton and h erb ivores, are  on ly  dependent cn p op u lation s lower in  
the pyramid, n o t on those h igh er  in  the pyramid, as are  th e f i s h .
/ I N P U  I s 
> /2 5 %  R SH
' s o l d . f i s h i i  
RATE=10, CLO  
\ M  AY-JULY
. F IS H  
PE COME  
E X T IN C T
''PLA N KTON X  
A N D  '  
HERBIVORES, 
.PRESENT IN > 
\  POND 7
A N D '
„  HERBIVORES
TwncPPKinFNIN D E P E N D E N T  
OF FLSH
P L A N K T O N
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(s e c t io n  9 .2 .2 )
Type D Concept Learning (Figure 9 .1 .d )
I t i l ik e  th e th ree previous types o f  concept learn in g , th is  method i s  one 
in  vh ich  p rev io u sly  formed concepts are te s ted  to  determ ine Whether i t  
i s  a p p lica b le , or  v a lid , in  the co n tex t o f  the sim u lation  m odel. In 
oth er words, i t  i s  a hyp oth etico-d ed u ctive  method o f  concept lea rn in g . 
I t  i s  a method t y  vhich an in d iv id u a l i s  a b le  to  d isc o v er  both p o s i t iv e  
and n egative  exemplars o f  a concept; to  d isco v er  th a t the con cep t i s  
ap p lica b le  in  seme s itu a t io n s , and th a t another concept i s  n ecessary  
fo r  o th er s itu a t io n s . I  have p rev io u sly  in d ica ted  th a t I  b e l ie v e  th a t  
th is  i s  n o t a method by vhich concepts are formed, but a  method ty  
vhich  a concept i s  broadened.
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Exanple Is  (AR: PONDQU)
The follow ing diagrammatic rep resen ta tion  o f  p a rt o f  AR's program run 
i s  one in  which th e "pond" ’i s  p o llu ted  a t  a h igh  le v e l  k i l l in g  a l l  the  
pond organism s. W ithin sev era l months the plankton reappear in  the  
pond. This i s  soon followed by the reappearance o f  the h erb ivores:
h e r b i v o r e s  
F E E D  ON 
p l a n k t o n
• /N UM B E RS  
/D R O P  VERY  
*1 Q U IC K L Y
/ i N P U  
/ H I G H  L E V E L N  
V F  P O L L U T IO N
sIN FEBRUARY >
O U T P U T  OF
DATA
/  ALL \  
' p o p u l a t i o n '  
DECREASE  
TO  ZE R O
P L A N K TO N
REAPPEAR
P L A N K T O N  
R E A P P E A R ,  ^  
F I R S T  BECAUSE 
HERBIVORES  
M U S T  H A V E  
S O M E T H IN G  TO 
F E E D  ON
Ihe f e e t  th a t plankton reappeared b efore  the h erb ivores appears to  
confirm  th e s tu d en t's  concept th a t h erb ivores feed on p lankton . I f  
the h erb ivores had . reappeared before; the plankton i t  would have meant 
th a t they need n o t, o r  d id  n o t, feed cn the plankton.
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' Eranple 2: (PS: POND-2)
Student A ction - J~- ‘ ' Student Garments • - ....
INPUT a moderate le v e l  o f  
p o llu tio n  in  September. I  am going to  s e e  i f  the  
numbers b u ild  rip, and then 
drop o f f  because o f  the  
p o llu t io n . I t  k i l l s  a l l  the  
f i s h .  The number o f  phyto­
plankton in crea se s  probably ~ 
because th e  amount o f  oxyqen^
in  the w ater. The f is h  
d o n 't  take any oxygen{5)so
the phytoplankton in crea se .
The diagrammatic rep resen tation  o f  th is  p a r t o f  P S 's p ro to co l i s  shovn
F IS H  USE  
OXYGEN IN  
THE W A T E R
✓Input  
ODER ATE 
'LEVEL OF 
P O LL U TIO N  IN 
^NOVEMBER,
FI SH 
K IL L E D
O U T P U T  OF 
D A T A
PL A N K T O N  
IN C R EA S E  BECAUSE  
IN C R E A S E  IN  
O X Y G EN  IN  T H E  
WA TE R <
PLA N K  TON 
IN C R E A S E
Ml SC ON CEPTIO N
Two hypotheses appear to  be confirmed in  th is  learn ing episode The
f i r s t  i s  th a t the plankton in crea se  occurs because o f  an in crea se  in
oxygen because the f is h  d o n 't use i t  (comment 2 ) .  The second i s  th a t  
f is h  are confirmed as using oxygen because th e plankton in creased .
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9 .2 .3  The E ffe c t  o f  Program Structure cn Concept Learning 
Each o f  the four types o f  concept formation described  in  9 .2 .2  are  
d i s t in c t  in  terms o f  the behaviour being e x h ib ite d . I t  would n o t be 
unreasonable to  assume, th ere fo re , th a t the way by vhitih th e sim ulation  - 
i s  presented might a f f e c t  the proportion o f  c o g n it iv e  a c t iv i t i e s  
promoted by each o f  the POND programs.— The p ro to co ls  o f  th e stud en ts' 
program runs were analysed to  determ ine the frequency o f  each type o f  
concept formation a c t iv i t y ,  the r e s u lt s  o f  vh ich  are  shown in  fig u re  
9 .3 .
Proportion (%) o f  each type o f  concept 
learning a c t iv i t y  demonstrated by studen ts
Type o f  concept 
learning
A B C D
CAL Program
POND-2 27 .4 20 .5 34 .8 1 7 .4
PONDQU 26.6 19 .4 25 .3 28 .7
PONDGAME 8 .1 15.2 32 .8 4 4 .0
POND2HELP 17 .4 9 .1 59 .8 13 .7
Figure 9 .3  Proportion o f  Concept Learning A c t iv i t ie s  Ehcouraged
by th e POND Programs
D ifferen ces  in  the proportion o f  concept learn ing a c t i v i t i e s  encouraged 
by the POND programs were determined by th e Student t - t e s t  and are  
shown in  figu re  9 .4 .  Values ex h ib itin g  g r ea ter  than 90% s ig n if ic a n c e
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were chosen as those in d ica tin g  an e f f e c t  o f  program stru ctu re  on the
form o f  concept learn in g .
:■ I 
i
Program Type o f  
concept 
learning
PONDQU PONDGAME POND2HELP
POND-2 A 0.062 2.533 .(+) 1 .224
B 0.087 0.534 1.471
C 0.863 0.175 2.234 (+)
D 1.364 1:940 (+) 0.567
PONDQU A 1.459 0.795
B . 0.307 0.933
C 0.605 2.948 (+)
D 1.092 1.956 (+)
PONDGAME A 1.359
B 0.726
C 2.157 (+)
D 2.443 (+)
"+" = s ig n if ic a n t  a t  90% le v e l  
, (N= : POND-2 = 8; PONDQU = 9; PONDGAME = 7; P0ND2HELP = 10)
Figure 9 .4  A comparison o f  types o f  concept learn ing
encouraged by th e POND programs
In chapter 8 I  demonstrated a somewhat wider range o f  c o g n it iv e  e f f e c t s  
th a t program stru ctu re  can have on c o g n itiv e  a c t iv i t y .  I  showed seme 
o f  the co rre la tio n s  th a t  appear to  e x i s t  between cer ta in  o f  th ese  
c o g n it iv e  a c t iv i t i e s .  .F igure 9 .5  shows the c o rr e la tio n  c o e f f ic ie n t s  
between vhat I  regard as the major c o g n it iv e  a c t i v i t i e s  and th ese  forms 
o f  concept learning demonstrated by a l l  o f  the stu d en ts using the POND 
programs.
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POND program POND-2 PONDQU PONDGAME P0ND2
HELP
ALL
Concept learning  
a c t iv i t y  >
ii
-iAB'G D A Bi C D
i
A B C-B
i
A Bi C B
i
A B C D  •
tt
No.
preconceptions
No.
INPUTS
No.
observations  
No. e x p tl.  
a c t iv i t i e s
+ + ----- —  + +
+ -  + + 
+ -  + -  
+ -  + -
+ + — + 
+ + + — 
--------+
"+" = g rea ter  than 95% le v e l  o f  s ig n if ic a n c e
Figure 9 .5  C orrela tion s between the number o f  each type o f
concept learn ing a c t iv i t y  and o th er major c o g n it iv e  
a c t i v i t i e s
Type o f  concept 
learning a c t iv i t y
Mean number o f  concept learn ing a c t iv i t i e s
A B C D
N = 8 9 7 10
POND-2 3 .0 2 .5 4 .5 2 .3
PONDQU 1 .2 1 .0 1 .4 1 .2
PONDGAME 1 .0 1 .6 3 .7 3 .6
PQND2HELP • 1 .4  i 0 .9  - 4 .4 1 .6
Figure 9 .6  Mean number o f  concept learning a c t i v i t i e s
doncnstrated by studen ts using the PCM) programs
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Type o f  
concept 
learning
Program PONDQU PONDGAME P0ND2HELP
POND-2 + + mm
A PONDQU - -
PONDGAME —
POND-2 + + +
B PONDQU + -
PONDGAME +
POND-2 + — —
C PONDQU + +
PONDGAME —
POND-2 — + —
D PONDQU +
PONDGAME +
"+" = g rea ter  than 95% le v e l  o f  s ig n if ic a n c e .
Figure 9 .7  Table showing s ig n if ic a n t  d if fe r e n c e s  between the
mean number o f  concept learning a c t i v i t i e s  for  each 
o f  th e POND programs
The data in  fig u res  9 .3  to  9 .7  ( in c lu s iv e )  show how the proportion  o f  
concept learning a c t i v i t i e s  ( 9 .3 ,  9 .4)  and the number o f  concept
learning a c t iv i t i e s  (9 .5 ,  9 .6 ,  and 9 .7)  are a ffe c te d  by program
stru ctu re . Program stru ctu re  w i l l  n ot o i l y  a f f e c t  concept learn ing  
"in to  to" and the p a r tic u la r  types o f  concept learning dem onstrated, 
but w i l l  a ls o  a f f e c t  (as I showed in  chapter 8) o th er c o g n it iv e  fa c to rs  
and a c t i v i t i e s .  These c o g n it iv e  fee  tors and a c t i v i t i e s  take various  
forms, but the most im portant for  concept learning and CAL are probably  
the number o f  re lev a n t concepts the person brings to  the learn ing  
s itu a t io n , the number o f  s e t s  o f  d ata  th a t are INPUT, the number o f
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observations th a t are made, and the number o f  experim ental a c t iv i t i e s  
ex h ib ited . These four fee  to rs  have been corre la ted  w ith the various  
types o f  conceptual learn ing exh ib ited  by the stud ents using the four 
POND programs (f ig u r e  8 . 5 ) .
9 . 2 . 3 . 1  PCM>-2: This i s  the o r ig in a l POND program frctn vh ich  the
oth er three POND programs were developed. I t  i s ,  in  many ways a 
"normal" type o f f  s c ie n c e  CAL program co n sistin g  o f  a number o f  
d if fe r e n t  modes vh ich  th e stu d en ts are free  to  in v e s t ig a te . The 
program does n o t contain  any "helpful" inform ation to  a id  the learning  
p rocess, th is  being l e f t  to  the package n otes (n o t a v a ila b le  to  the  
stud en ts in  th ese  s t u d i e s ) .
I  have already shown ( 8 .4 .1 )  th a t the stru ctu re  o f  th is  program 
encourages the person using i t  who has l i t t l e  knowledge o f  th e  food 
pyramid concept to  experim ent w ith  th e sim u lation , to  h y p o th es ise  about 
how the ecosystem  model i s  behaving, to  INPUT a r e la t iv e ly  la r g e  number 
o f  s e t s  o f  d ata , to  make a r e la t iv e ly  large  number o f  observation  
statem ents, and to  form (or a t  l e a s t  demonstrate) a r e la t iv e ly  large  
number o f  v a lid  con cep ts.
Figure 9 .3  shows th a t stu d en ts using POND-2 are l ik e ly  to  le a m  most 
concepts by method C, and le a s t  l ik e ly  by method D. However, concepts  
are le a rn t f a ir ly  even ly  by each o f  the four methods a s  fig u re  9 .8  
shows.
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TYPE , D
TYPE A
TYPE
TYPE B
Figure 9 .8  P ie-d h art showing the proportion o f  concepts le a rn t
by each type o f  concept learn ing for  POND-2
Figure 9 .5  shows th a t i t  i s  d i f f i c u l t  to  attem pt to  r e la te  variou s  
c o g n itiv e  fee  to r s  and a c t i v i t i e s ,  regarded as o f  importance, to  the  
form o f  concept learning e x h ib ite d . Concept learn ing using POND-2 
appears to  be in flu en ced  la r g e ly  by th e observations made o f  the  
behaviour o f  th e sim ulation  model.
9 . 2 . 3 . 2  PONDQU: I h is  program d if f e r s  frcm POND-2 in  th a t i t  poses  
q u estion s concerned w ith  the important concepts w ith in  the model to  the  
stu d en ts. Each o f  th e  four modes o f  th e program has th ese  q u estion s, 
but th e ir  form d i f f e r s  between the modes. The q u estion s asked in  
modes 1 and 2 req u ires th e in d iv id u a l using the program to  rep ly  to  the  
q u estion , and poses o th er  q u estion s i f  a wrong answer i s  provided. 
The q u estion s are  expected to  r e s u lt  in  an immediate and observable  
change in  conceptual b e l ie f s  exh ib ited , fo r  the same reasons as  
programmed learn ing was expected to  r e s u lt  in  a g iv en  conceptual 
stru ctu re .
I  have shown ( 8 .4 .2 )  th a t  students using t h is  program appear to  m ost 
su ccessfu l i f  they employ various s tr a te g ic  a c tio n s  and put forward 
hypotheses to  exp la in  the OUTPUT d ata . Using such a co g n itiv e  s t y le  
the student seams to  make a r e la t iv e ly  la rg e  number o f  observation  
statem ents and dem onstrate a r e la t iv e ly  la rg e  number o f  v a lid  co n cep ts .
PONDQU seams to  encourage le s s  concepts to  be formed than any o f  the  
other th ree POND programs; a l l  four types o f  concept learning appear to  
be equal in  th is  r e sp e c t (f ig u r e  9 . 9 ) .
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type a
TYPE
TYPE B
TYPE
Figure 9 .9  P ie -ch a r t shewing the proportion  o f  concepts le a rn t
by each type o f  concept learn ing  for  PONDQU
\
The p rov ision  o f  q u estio n s, whose purpose i s  to  change, i f  n ecessary , 
an in d iv id u a l's  conceptual s tru ctu re , thus seons to  in h ib i t  learn in g . 
Such an in h ib it io n  may a r is e  from the "spoonfeeding" e x e r c is e . TO be  
provided w ith  the c en tr a l concepts o f  the sim u lation  model appears to  
take away the the in d iv id u a l's  m otivation  to  lea rn .
I f  the stru ctu re  o f  th e program does in h ib it  an in d iv id u a l's  m otivation  
to  learn , i t  i s  n o t apparent in  the length  o f  tim e th a t th e  stud en ts  
used th is  program. There' was no s ig n if ic a n t  d if fe r e n c e  between the  
length s o f  tim e the program was used.
-  369 -
"Spoonfeeding" may lead to  an acceptance, by th e stu d en ts, o f  the
concepts th a t they are taught e x p l ic i t ly  by th e program. One student
(JB), for example, described  a food pyramid as:
" . . a  s e r ie s  o f  r ec ta n g les  o f  d if fe r e n t  len g th s  w ith  the sm aller on 
th e  top and the la r g e s t  on the bottom showing a need for food by 
th e  variou s anim als."
She had n o t c o rr e c tly  understood what the diagrams in  the qu estion  had
been attem pting to  show h er . She had taken each rec ta n g le  to
rep resen t a "need for food" rather than rep resen ting  the number o f
in d iv id u a ls  in  a p a rticu la r  pop ulation .
Another student (SW) sa id  she would have lik ed  more q u estion s in  the  
program. However, o f  th e  f iv e  students who were asked whether they  
had found the q uestions u se fu l, two had n o t done so .
My aim in  providing th ese  q u estion s had been to  encourage users o f  the  
program, i f  necessary , to  th ink about the sim ulation  under the  
d ir e c t io n  o f  th e q u estion s, and then to  go  back and find ou t whether 
the d ata  they were being provided w ith would support th ese  concep ts. 
In v ery  few in sta n ces  was th ere an observable respon se by an in d iv id u a l 
to  a lt e r  what they were doing and subsequently determ ine whether the  
sim ulation  model was con cep tu a lly  in  agreonent w ith  the concepts being 
conveyed by the q u estio n s . One student (SW) sa id  h e  would have  
preferred  to  have been provided w ith  qu estion s th a t  to ld  him to  g o  back 
and r e in v e s t ig a te  p art o f  th e sim u lation .
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I b is  form o f  q u estion in g , in vo lv in g  a branched loop in  the program, i s  
in e f f e c t iv e  in  th a t i t  in h ib it s  m eaningful learn in g . To be p a ss iv e ly  
"indoctrinated" does n ot n e c e s sa r ily  lead to  meaning fu l  learn ing , and, 
as I  have showed, fewer concepts are danonstrated by users o f  th is  type  
o f  program.
9 . 2 . 3 . 3  PONDGAME: A game form o f  CAL sim u lation , a s  I  showed in  8 . 4 . 3 ,  
encourages a la rg e  number o f  s tr a te g ic  a c tio n s  and the formation o f  a 
h igh er number o f  v a lid  concepts than the o th er th ree  POND programs. 
The h ig h e s t  number o f  concepts were formed by methods C and D (se e  
fig u res  9 .6  and 9 .1 0 ) .  PONDGAME encourages a s ig n if ic a n t ly  h igh er  
number o f  type D concepts than the o th er three POND programs ( see  
fig u re  9 . 7 ) .
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t y p e  a
TYPE
TYPE
Figure 9 .10  P ie -ch a r t shewing the proportion o f  concepts le a m t
by each type o f  concept learn ing for  PONDGAME
These fin d in gs are n ot su rp risin g  s in c e  the program i s  a game, and 
games are intended to  encourage s tr a te g ic  d e c is io n s , h yp oth esis  
formation and te s t in g .
The r e la t iv e ly  h igh  proportion o f  concepts formed by method C probably  
a r is e s  from the complex nature o f  th e INPUT d a ta . C au sa lity  o f  events  
i s  thus more l ik e ly  to  be re la ted  to  even ts perceived  than those  
in i t ia te d  ( through the INPUT o f  data) by th e  in d iv id u a l. Once 
hypotheses are formed, they, are te s te d . This i s  ob v iou sly  encouraged 
by the " w ill to  win" o f  an in d iv id u a l. I f  a person i s  to  win, then
th e ir  hypotheses should be c o rr e c t hyp otheses. Hypotheses are shcvn
to  be c o rr e c t or in co rrec t by th e person making a p r o f i t  for  th e f is h
form being m odelled by th is  program.
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9 . 2 . 3 . 4  P0ND2HELP: In many v ey s, th is  program encourages a s im ila r
s e r ie s  o f  c o g n it iv e  events as does POND-2 ( 8 . 4 . 1 ) .  There i s ,  however, 
a d if fe r e n c e  in  the proportion o f  concepts formed by each o f  the  
methods, as fig u re  9 .11  shows.
t y p e  at y p e  o
TY
TYPE
Figure 9.11  P ie -ch a r t showing the proportion o f  concepts le a rn t
by each type o f  concept learn ing for  PQND2HEIP
There i s  a h igh  proportion o f  concepts formed by method C, which i s  
s ig n if ic a n t ly  h igh er  than fo r  th e o th er th ree POND programs (f ig u r e  
9 . 4 ) .  In fe e t ,  th ere i s  a h igh  p o s it iv e  co rr e la tio n  ( f ig u r e  9 .5 )  
between th is  form o f  concept learn ing and the nunber o f  INPUTs, 
observation  statem ents and experim ental a c t i v i t i e s .
The d if fe r e n c e  between th is  and the POND-2 program e x is t s  in  the  
q u estion s which are answered vhenever the stud en t does n o t want to
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"continue", and the h e lp  which can be provided on req u est by the  
studen t and based on the answers to  the q u estio n s.
Even though the student does n ot know whether he has answered a 
question  c o r r e c tly , th ese  q u estions m ight d ir e c t  students to  th ink in  a 
cer ta in  way or  to  in v e s t ig a te  a p a r tic u la r  mode o f  the sim u lation  
program as th e  fo llow ing quotations from in terv iew s show:
"I: Had you r e a lise d  they were in  equilibrium ?
MB: W ell, when i t  came out w ith  th ose qu estion s a l l  about
i t ,  y es ."
"SB: They were good p o in ters  for  further experim ents. .  .d ir e c t
q u estion s l ik e :  "Did the p o llu t io n  a f f e c t  the pond?"
which o th er  more leading q u estion s such as  "Did 
t h e . . f i s h  feed on the plankton and herbivores?"
"EQ: Because o f  the q u estion s I then went and chose the
p o llu t io n  and saw what happened When I  had d if f e r e n t  
numbers because they do poke you in  the r ig h t  
d ir e c t io n ."
Of the n in e  stud en ts who used th is  program and were asked whether the  
qu estions had been o f  use, th ere was n o t one student who sa id  th a t they
had n o t been u se fu l. Three stu d en ts had sa id  th a t they were
un certain , but f e l t  th a t they m ight have been u se fu l:
"They helped more than they h in d ered ."
(DH)
"I th ink they might have, but I d id n 't  p a r t ic u la r ly  .fin d  
thorn."
(NL)
The h e lp , on the other hand, i s  l e s s  e x te n s iv e ly  u t i l i s e d  by th ose  
using the program. Help w i l l  on ly  be o ffered  a f t e r  the th ird  
question-answ ering se s s io n , and n o t everyone w i l l  f e e l  th a t they need 
to  rece iv e  any h e lp :
(se c t io n  9 . 2 . 3 . 4 )
"I: Why d i d n ' t  you ever ask fo r  help?
PQ: I d o n ' t  th ink  I  g o t  stuck."
Pour stu d en ts- found the h e lp  u se fu l, a t  le a s t  to  same extent; three
students d id  n o t . The h e lp  can cause a  change in  understanding:
" It has a debate w ith  y o u . . .same way .as a teacher d o e s . . . I t  
can counteract your id e a s . I f  you say th a t f is h  f lo a t  or  
something on the w ater, something s i l l y  l ik e  th a t, i t  can 
d e b a te .. .T h at's  when the inform ation h e lp s  th ere . I t  
can ..push  your v iew  one way or th e oth er."
(DH)
"I asked the computer for h e lp , you gave me examples o f  an 
experiment to  d o . Then I  r e a lis e d  th a t my view s b efore  
started  wrong, and I  had to  change them."
(RC2)
It thus seems that both the questions and the help, if provided, can 
help the students to look at what = is happening. They , can ditect 
student thinking and the observations that they make. It might be 
that they act as provided, rather than intuitively created, hypotheses 
which encourage students to have an alternative epistemic tube.
Through th is  a lte r n a t iv e  ep istem ic tube, even t p a ir s  m ight be seen from 
vhich concepts are  formed ( ty  method C ).
I f  th ese  q u estion s and the h e lp  do p rovid e h yp otheses, i t  could be sa id  
th a t we should exp ect a h igh  proportion o f  concepts to  be formed t y  the  
hypo the tic o -d ed u c tiv e  method (method D ). However, t h is  ’does n o t  seem 
to  be the c a se . What seams to  be happening i s  the stu d en t comes to  
r e a l is e  th a t th e ir  concept, i f  d i f f e r e n t  from the concept im plied in  
the question  or h e lp  g iv en , might n o t  be a s a t is fa c to r y  one. The 
student m ight then f e e l  th a t they ought to  look fo r  an a lte r n a t iv e ,  
more f r u it fu l  one. Their ob servation s may be guided and thus lead  to  
the formation or  acceptance o f  the concep t im p lic it  in  the q u estion  or  
h e lp . Their observations may n o t be d ir e c t ly  involved  w ith  proving 
th a t the im p lic it  concept i s  c o r r e c t . The fo llow ing qu otation s tend
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to  shew th a t the students are n o t te s t in g  provided hypotheses, but 
th e ir  e p is te n ic  tube had been changed by the qu estion  or the h e lp  
provided.
"I r e a lise d  th a t ray view s b efore sta r ted  wrong, and I  had to  change 
them .. .The phytoplankton equilibrium  w ith the r e s t ,  c o u ld n 't  reach  
an eq u ilib r iu m .. . la t e r  on I  r e a lise d  they could."
(RC2)
"I th ink i t  was one o f  the su ggestion s m a d e .. .I t  seemed q u ite  
in te r e st in g  to  see  the e f f e c t ,  I  d e n 't  know q u ite  What I  thought 
i t  would be, but in te r e s t in g  to  see ."
(DC)
Sometimes, a s  the previous qu otations in d ic a te , id eas for  a d if f e r e n t  
approach for  using the program are  encouraged. This may account for  
the co rre la tio n  between type C concept formation and experim entation t y  
the stu d en ts, th e number o f  s e t s  o f  data INPUT, and the number o f  
observation sta to n en ts  made. '
9 .3  A ltern a tiv e  Conceptions and M isconceptions
Whenever a stud en t undertakes a learning program under the d ir e c t io n  o f  
a teacher, th ere i s  a p a r tic u la r  body o f  knowledge and meaning which 
the teacher would l ik e  the studen t to  a s s im ila te . CAL i s  no d if f e r e n t  
from th is  gen era l n otion  o f  the d id a c t ic  approach to  teach ing. CAL 
programs contain  a model from which the stu d en t can g a in  an in s ig h t  
in to  th e "real world".
However, even w ith  the most ca re fu l o f  program d esig n s I  doubt whether 
in d iv id u a ls  using a CAL program w i l l  g a in , a t  th e  f i r s t  'a tten p t o f  
design ing the program, the "true" conceptions e n ta iled  w ith in  th e  
sim ulation  model. The program user w i l l  o ften  form a lte r n a t iv e  
conceptions to  th ose the program d esigner would have w ished.
I t  i s  on ly  t y  understanding how th ese a lte r n a t iv e  con cep tion s, or  
m isconceptions in  terms o f  the sim ulation  model, a r is e  th a t seme 
improvement in  the d esig n  o f  CAL programs can, in  p a r t, be made.
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M isconceptions o ften  occur because o f  a lack  o f  thought. A student  
m ight f a i l  to  con sid er a l l  o f  the re lev a n t inform ation when forming a 
concept, th e ir  ep istem ic tube may n o t be for  reaching enough because, 
fo r  example, o f  a lack  o f  su ita b le  experience in  th a t su b ject area . 
However, how i s  a stu d en t to  knew what th a t re le v a n t inform ation is?  
Ih e re lev a n t inform ation may, in  p art, be the co n tex t w ith in  which the  
behaviour o f  th e model i s  observed; i t  may be because cer ta in  event 
p a ir s  are m istakenly re la ted  t y  a cau sa l statem ent; i t  may be the  
p ercep tion  o f  in accurate ob servation a l data (perhaps due to  a poor 
g rap h ica l d is p la y ) ; i t  may be because the in d iv id u a l p erce iv es  the  
behaviour o f  the sim ulation  model through an "epistem ic tube" d ic ta ted  
t y  an inappropriate body o f  knowledge, t y  inap propriate con cep tion s.
9 .3 .1  Student' Conceptions o f  .the-^,Concepts ^"Phy±oplanktm J 'and I 
"Herbivore"
The concepts "phytoplankton" and "herbivore" are  im portant conceptions  
fo r  those using the POND programs. I t  i s  o n ly  from a  f u l l  
understanding o f  th ese  concepts th a t the, stu d en ts should be ab le  to  
form the concept "food pyramid".
Phytoplankton and h erb ivores are two o f  the th ree  p op u la tion s in  the  
sim ulated pond ecosyston . Ihe th ird  population  i s  th a t o f  th e f i s h .  
Program users should find le s s  d i f f i c u l t y  w ith  th e l a t t e r  concept than 
w ith  th e two concepts being considered h ere . Ih e  concept "fish" i s  
one encountered in  everyday l i f e ,  i t  i s  a concept th a t should be p a r t  
o f  th e ir  " la y  sc ien ce" . U nlike f is h , the con cep ts "phytoplankton" and
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"herbivores" w i l l ,  in  a l l  p r o b a b ility , n o t be p a r t o f  a person 's "lay  
sc ien ce" . In d iv id u als may n o t be a b le  to  d e fin e  what they understand 
t y  th ese  terms, nor to- provide examples o f  them.
Students taking p a r t in  th ese  s tu d ie s  were n o t provided w ith any 
inform ation th a t would have increased th e ir  understanding o f  the 
sim ulation  model p r io r  to  th e ir  use o f  a POND program. However, the  
authors o f  POND-2 (Tranter and Lsveridge, 1978) provided ex ten siv e  
package n o tes  which they expected students to  stud y b efore  using the  
program.
9 .3 .1 .1  The Concept "Phytoplankton"
Phytoplankton are m icroscopic p la n t l i f e ,  eg . a lg a e , in  the pond 
ecosystem . Indeed, in  the sim ulation  model used in  the POND programs, 
i t  i s  the on ly  form o f  p la n t l i f e .  They are th e "producers" o f  the  
ecosystan , ph otosynth esising  and producing a v a r ie ty  o f  carbohydrates, 
p r o te in s  and l ip id s .
Figure 9 .1 2  i s  a summary o f  the r e p lie s  obtained from 30 stu d en ts to  
the q u estion  "What are phytoplankton?". Some stu d en ts' answers 
included sev era l ca te g o r ie s  in  the l i s t :
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concept d escr ip tio n frequency
a) D on't know 3
b) P lan ts 9
c) Micro-organisms 5
d) Algae 7
e) Spirogyra 1
f) Animals 4
g) U n ic e llu la r  animals 5
h) P h o to sy n th etic . animals 2
i )  Worms, larvae 4
Figure 9 .1 2  Table surm arising stu d en t conceptions o f
"Phytoplanktcn"
Concepts b  -  e  are acceptable concepts ( "micro-organisms" i s  on ly  
acceptab le  i f  they are considered to  be p h o to sy n th etic , n o t d f  they are  -  -  
saprophytic b a c te r ia ) . Concepts f  -  i  are  in c o r r e c t  conceptions  
probably a r is in g  from the more fa m ilia r  (?) concept "zooplankton". 
Examples o f  c o rr e c t conceptions demonstrated t y  stu d en ts are:
" ..sm a ll form o f  p la n t l i f e . . "  (ST: POND-2)
" ..a lgae"  (PN: P0NI>-2)
However, the concept o ften  appears w ith  th e concept o f  zooplankton, 
thus the concept being demonstrated was th a t o f  "plankton" rather than 
anything more s p e c if ic :
-  380 -
( se c t io n  9 .3 .1 .1 )
"Seme could p h otosyn th esise . S n a il so r ts  o f  th ings l ik e  
Amoeba-shaped th in g s. They can en g u lf food."
(MB: P0ND2HELP)
"P lants. l i k e . . . .  Spirogyra. U n ic e llu la r  anim als."
(SW: PONDQU)
" . . . i n  the sea  i t ' s  plankton and k r i l l . . . a l l  the t in y  l i t t l e  
organisms th a t the anim als in  the sea  depend cn for  th e ir  
n u tr it io n . Bugs and b a c ter ia  and la r v a e .. .  .A lgae and 
re la ted  m icro-organism s."
(FQ: P0ND2HELP)
The f in a l  group are th ose organisms which many la y  people would
probably s e e  a s  the "basic" source o f  food in  a pond, lake or  the sea ,
th e m icroscopic anim als, the zooplankton. Seme o f  the stud a i t s
seemed to  know th a t the s t a r t  o f  the food chain must be p h otosyn th etic ,
and thus th e ir  concept o f  phytoplankton i s  th a t o f  zooplankton, but
p h otosyn th etic  zooplankton 1
"Animals (but photosynthetic)"  (SH2: PONDQU)
"Micro-organisms (animal -  can be p h o to sy n th etic )"
(RC1: PONDGAME)
There are  th ose students who s e e  them o i l y  as anim als.
" S in g le -c e lled  animals" (JH1: PONDQU)
"Not p lants" (SDT: P0ND2HEIP)
9 .3 .1 .2  The Concept "Herbivore"
Herbivores are  animals which e a t  p la n ts . In the sim ulated pond 
ecosystem  they are  n o t a p a r tic u la r  type o f  anim al, but are a group o f  
anim als feeding cn the phytoplankton. They may be s in g le -c e l le d  
protozoans or  m u lt i-c e lle d  anim als such as  s n a i l s .
Figure 9 .13  i s  a summary o f  th e r e p lie s  I  obtained frcm 23 stud en ts to
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the qu estion  "What are herb ivores?" . Seme students' answers included  
sev era l ca teg o r ie s  in  the fo llow ing l i s t :
concept d escr ip tio n frequency
a) D on't know 3
b) Eat p la n ts 6
c) Animals 3
d) S n a ils 5
e) Crustaceans, m olluscs 2
f) Newts, frogs 1
g) Daphnia 2
h) Flatworms, worms 2
i ) Protozoa 2
j) Arthropods 1
k) In sec ts 1
1) Animals around the pond 4
Figure 9 .13  Table sumnarising student conceptions o f
"Herbivores"
The on ly  category where there i s  an obvious d i f f i c u l t y  in  th e stu d en ts  
extending what they have le a rn t about herb ivores in  the p a s t  to  the  
con text o f  th e sim ulated pond ecosystem , i s  where the h erb ivores are  
seen as p la n t-ea tin g  animals around the pond rather than in  the pond. 
For example:
"Birds, v o le s ,  shrews"
(JB: PONDQU)
"Feed on p la n ts . Do n o t a c tu a lly  l i v e  in  the water, but feed  
from the water."
(PP: P0ND2HELP)
"Feed on g r a ss , for example, sheep."
(DH: P0ND2HEIP)
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Because the concept "herbivore" i s  more fa m ilia r , o f  use in  everyday 
language, than the concept "phytoplankton", i t  i s  n o t surprisin g  th a t  
the students had le s s  d i f f i c u l t y  extending the concept to  the co n tex t  
o f  the paid . However, the stud en ts d id  have more d i f f i c u l t y  in  
id en tify in g  the anim als which they  imagined the pond herbivores to  b e . 
Only 11 o f  the 23 stu d en ts who were asked what they understood t y  the  
word herbivore, gave a s p e c if ic  example o f  a pond organism.
9 .3 .1 .3  Im plications fo r  the D esign  o f  CAL Programs
The students' progress w ith  the POND programs would have been .in h ib ite d  
ty  n o t knowing the concepts "phytoplankton" and "herbivore", e s p e c ia l ly  
the former. I t  may have meant the d if fe r e n c e  between the u se o f  the  
POND programs being a m eaningful and enriching experience as opposed to  
a m eaningless one.
I t  i s  h ere  th a t the package n o te s , i f  read t y  the stu d en ts, would have  
provided the necessary  background inform ation fo r  th ese  concepts to  be  
understood. I t  i s  n ecessary  fo r  stud en ts to  ev en tu a lly  understand  
th ese  concep ts, and p referab ly  th is  should be encouraged a t  an e a r ly  
sta g e  during program use to  a llo w  a f u l l  in v e s t ig a t io n  o f  th e  m odel. 
The q u estion s posed in  PONDQU and PQND2HEIP h e lp  ach ieve  th is  aim.
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9 .3 .2  Student M isconceptions o f  the Pcnd Ecosystem
In 9 .2 .2  I  proposed four forms o f  concept learn in g . These four forms 
o f  concept formation are relevant^ to  the formation o f  v a lid  con cep ts, 
but a ls o  to  the formation o f  in v a lid  con cep ts.
In Type A concept formation (f ig u r e  9 .1 .a ) ,  the crea tio n  o f  a 
hyp oth esis to  exp la in  an observed even t where there i s  no obvious  
cause, can e a s i ly  lead to  the formation o f  a m isconception . The 
second example I  chose to  i l lu s t r a t e  Type A concept formation ( th a t  o f  
MW: POND-2) i s  ju s t  an example. These hypotheses are created  by 
in tu it io n , and should be e ith e r  ev en tu a lly  shown - to  be v a lid  o r  th ey  
should be rejec ted  as in v a l id . At the time o f  th e ir  form ation, 
however, i f  in v a lid  they must be regarded as m isconceptions.
In Type B concept formation ( f ig u r e  9 .1 .b ) ,  an a c tio n  (th e  INPUT o f  a 
p a r tic u la r  s e t  o f  data) i s  p erceived  as the cause o f  a p erceived  even t; 
in  r e a l i t y  i t  i s  n o t . The follow ing diagrammatic rep resen ta tio n  o f  
p a rt o f  a s tu d en t's  program run shows j u s t  th is  s o r t  o f  m isconception  
taking p lace:
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/ I N P U T  
PLANKTON 
50 H E RB IV OR ES  
S^OOO F I S H /
HERBIVORES 
B E C O M E  
^ E X T I N C T  j
OUTPUT OF 
DATA
F I S H
BECOME
.EXTINCT
♦ o f  FO OD
HERBIVORES 
DEPENDENT 
ON PLANKTON 
AS A SOURCE
FI SH
DEPENDENT ON
p l a n k t o n  A S  A
-»> SOURCE OF
FOOD
MISCONCEPTION
(JH2: PONDGAME)
In th is  ep isod e, the m ost im portant fee  to r  for  the stud en t was the  
absence o f  the plankton from the pond. Ih e i n i t i a l  number o f  
herbivores and f is h  in  the pond were the maximum p o s s ib le . Both o f
th ese  populations became e x t in c t , and were a ttr ib u ted  to  the plankton  
being the source o f  food fo r  both p o p u la tion s. —  ' • —
In .the case  o f  the h erb ivores th is  i s  the v a lid  concept to  h o ld .  
However, to  extend the concept to  the f is h  i s  the r e s u lt  o f  a 
m isconception. In th is  ca se , the dononstration  o f  Type C concept 
formation was n ecessary , th a t i s ,  to  r e la te  the e x t in c t io n  o f  th e  f is h  
population to  th a t o f  the herb ivores t y  saying th a t th e f is h  a re  
dependent cn herb ivores a s  a source o f  food. However, many o f  th e  
students taking p a r t in  th ese  s tu d ies  h e ld  the v iew , from p rev iou s  
experiences, th a t f is h  fed on the plankton. I h is  stu d en t (JH2) d id ,  
in  f e e t ,  hold  th is  v iew . A l i t t l e  e a r l ie r  he had sa id  th a t the:
" I've  g o t  a v iew  o f  the phytoplankton. I  regard them as a  
food so u r c e ..."
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'type C concept formation (f ig u r e  9 .1 .c )  takes p la c e  vhen cer ta in  
perceived even ts are re la ted  t y  a cau sa l sta ta n en t, the f i r s t  perceived  
event being the cause o f  the second. Certain perceived  even t-p a irs  
are, however, c o in c id e n ta l. To r e la te  c o in c id e n ta l ev en ts , events  
m erely c lo s e  to  one another in  tim e, w i l l  lead to  the formation o f  
m isconceptions, as in  the fo llow ing examples:
/ ' i n p u t s .
/ 2 0 0  PLANKTCT 
7 5  HERBIVORES 
< 5 5 0  FISH ,
PLANKTONO U T P U T  OF
DECREASEDATA.
f i sh  d e p e n d  on
PLANK TON AS A 
SOURCE OF 
FOOD
FI SH
DECREASE
MISCONCEPTION
(PS:POND-2)
o u t p u t  o f  
data
INPUT 
FI SHI NG
FI SH 
DECREASE
^PLANKTCN
DECREASE
p l a n k t o n  F E E D
EXCRETA
MISCONCEPTION
(DW:POND-2)
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In both o f  th ese  examples, i t  seens th a t the ch ron olog ica l order in  
which th e observations were made co n tro ls  the concept th a t i s  formed.
In th e f i r s t  o f  th ese  two examples, the stud ent (PS) see s  vhat, in  a l l  
p r o b a b ility , are  seasonal flu c tu a tio n s  o f  th e plankton and f is h  
p op ulations a s  being re la ted  in  another way -  by th e f is h  feeding on 
the phytoplankton. In the second o f  th ese  two examples, where the 
same ob servation s as the f i r s t  example were made but in  the op p osite  
order, EW created  a novel explanation  for the plankton decrease by 
saying th a t they feed on the f is h  excreta . From h i s  p resen t knowledge 
he would have probably r e a lise d  th a t plankton a re  too  sm all to  ea t  
f is h ,  o r  f is h  normally e a t  sm all organisms l ik e  p lankton . Therefore, 
fo r  th e  f is h  decrease to  cause a decrease in  the plankton, the 
explanation  could n o t in v o lv e  a d ir e c t  feeding r e la t io n sh ip .
By hold ing  p a r tic u la r  concepts vh ich  are m istak en ly  seen as a p p lica b le  
to  c e r ta in  perceived ev en ts , 1 m isconceptions * w i l l  - a r i s e .  Type D ' 
concept formation can thus show the acceptance o f  in v a lid  concep ts, as  
in  th e  fo llow ing example:
WEATHER AFFECT^ 
S I Z E  OF 
POPULATIONS
/T N P U T  \  
HIGH LEVEL* 
OF
POLLUTION^
OUT PUT OF 
DATA
/NUMBERS 
* 1  DECREASE ^  IN
NUMBERS
CAUSTNG 
^  DECREASE
COLD
(TS: POND-2)
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When observing an ecosystem , cne o f  the most obvious e f f e c t s  on the  
s iz e  o f  th e variou s populations i s  the e f f e c t  o f  the weather, the  
seasons, th e environmental tenperature. The season a l v a r ia tio n  in  
population  numbers and the annual c y c l i c i t y  o f  the season a l v a r ia tio n  
tend to  be obvious from everyday exp eriences. When, th erefore , a s  in  
th is  ep isod e, the population numbers are seen to  d ecrease, the obvious 
reason i s  the "weather". In th is  ca se , however, i t  was the e f f e c t  o f  
the p o llu ta n t, n o t the w eather. This the stud ent r e a lis e d  when a l l
the populations d ied! Normal weather con d ition s would n o t have th is  
e f fe c t !  The perception  o f  t h is  surprising event caused th e acceptance  
o f  the v a l id  concept and the r e je c t io n  o f  the m isconcep tion .
These types o f .
.. .misconceptions are not too serious if the structure of the CA1 
program encourages the student to fully investigate the simulation 
model, and to question what they are seeing. In time, the correct 
conceptual structure will develop.
In seme in sta n ces , to  be l e f t  w ith  m isconceptions, for example, th a t  
f is h  feed on phytoplankton rather than on h erb iv o res , w i l l  n o t lea v e  
the stu d en ts a t  an educational disadvantage, for i t  i s  a concept th a t  
i s  v a lid  in  c er ta in  real-w orld  c o n tex ts . However, as an education al 
to o l ,  to  be l e f t  w ith  a m isconception means th a t the CAL program h as, 
in  p a rt, fo i le d . Students have n ot been encouraged to  in v e s t ig a te  the  
model thoroughly enough, or the model has n o t been described  in  
unambiguous m athanatical terms, or the program does n o t a llo w  a 
thorough in v e s t ig a t io n  o f  i t s  c h a r a c te r is t ic s .
(se c tio n  9 .3 .2 )
In ad d ition  to  the above, I  th ink th a t one o f  the w orst c h a r a c te r is t ic s  
o f  a poor CAL program i s  to  be found in  the g rap h ica l d isp la y  o f  the  
OUTPUT d a ta .
The OUTPUT data by a CAL program i s  the sen se  data frcm which an 
in d iv id u a l can p erce ive  ev en ts . I f  the d esign  o f  the grap h ica l 
d isp la y  i s  poor, o f  low r e so lu t io n , then in co rrec t p ercep tion s can take 
p la ce  from which m isconceptions w i l l  o ften  be formed. Students using  
the PCM) programs frequently  ex h ib ited  in co rrec t ob serva tion s, seme o f  
which were due to  a poor q u a lity  gra p h ica l d isp la y , but seme were due 
to  an e x is t in g  conceptual b e l i e f  a ffe c tin g  what th a t in d iv id u a l 
perceived (d ic ta ted  the bounds o f  th e ir  ep>istemic tu b e ).
An example o f  th is  theory-based percep tion  o f  d ata  was seen  in  the use  
o f  POND-2 by PS. When h e  came to  use mode 3 o f  th e program, th a t i s  
fish in g  the pond, he INPUT the fo llow ing v a r ia b le s :
10 fishermen each fish in g  tw ice a month,
A c lo s e  season frcm March to  June ( in c lu s iv e ) ,
A tabular output o f  th e d ata ,
The data output was as in  the fo llow ing ta b le :
«
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YEAR 1
MONTH PHYTO- HERBI­ FISH FISH
PIANKTON VORES ' CAUGHT
(x 109 ) (x 106 )
JAN 110 30 770 74
FEB 227 33 725 54
MARCH 318 52 550 CLOSE
APRIL 343 60 1486 CLOSE
MAY 382 68 3725 CLOSE
JUNE 259 62 2808 CLOSE
JULY 313 61 1891 318
AUG 275 53 1549 177
SEPT 183 41 1051 169
OCT 196 41 725 70
NOV 146 33 516 132
DEC 139 32 401 90
NUMBER OF FISH CAUGHT DURING
THE YEAR= 1084
Following the OUTPUT o f  th ese  r e s u lt s  h e  sa id :
"In the c lo s e  season, the number o f  f is h  in c r e a se s . ,  The
number o f  phy top lanktm  d ecreases when the number o f  f is h  
decreases Fishing d e f in i t e ly  d ecreases the nunber o f  f is h  
as w e ll as the number o f  phytoplanktcn."
I f  a r e la t io n sh ip  were to  e x i s t  between the f is h  and plankton as
in d icated  in  comment (1 ) ,  I  would n o t on ly  exp ect the plankton to
d ecrease when th e f is h  decrease, but th e plankton to  in crea se  when the
f is h  in crea se . This re la tio n sh ip , between the f is h  and th e plankton
does n o t e x i s t  in  the sim ulation  model and nor does the data OUTPUT
support th is  concept. A more c a re fu l a n a ly s is  o f  the data by the
stud en t would have made th is  apparent, fo r  example between January and
March the plankton numbers in crea se  w h ils t  th e  number o f  f is h
d ecreases.
The in crease  and decrease in  pop ulation  s iz e s  o f  a l l  th ree  troph ic, 
le v e ls  ( f i s h ,  herb ivores and phytoplankton) fo llow s a s im ila r , but n o t  
id e n t ic a l ,  annual, or season a l, p a tte rn . I t  i s  th is  concept o f  
seasonal v a r ia tio n  which seems to  confu se seme o f  th e  stu d en ts,
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including PS. I t  i s  on ly  by ca re fu l examination o f  the data th a t the  
more su b tle  in te r r e la t io n sh ip s  might be seen . I t  i s  far e a s ie r  to  
determ ine th ese  in te r r e la t io n sh ip s  through s c ie n t i f i c a l ly  designed  
experim ents.
I t  i s  thus apparent th a t students do n o t n e c e ssa r ily  look  a t  
inform ation in  the same way as a su b ject-m atter expert would, or  as a 
subject-m atter exp ert would l ik e  the stud en t to  look  a t  the inform ation  
th a t i s  presented .
The program developer should provide a simulation model which has the 
potential to enable a person to explore the model and experience its 
behaviour.
I t  should, th erefo re , be p o s s ib le  for  an in d iv id u a l to  rec e iv e  a 
p a r ticu la r  "package o f  knowledge". In o th er  words, many program 
developers would expect th e knowledge .an -ind iv idual, a -s tu d e n t , to  
acquire to  be the "knowledge-as-presented" by the CAL program.
However, as I  have shown h ere , we must n o t assume th a t the  
"knowledge-as-ccnceived" by the student w i l l  be the same as th e  
"knowledge-as-presented" by th e program. Preconceptions, a la ck  o f  
experim ental and problem -solving s k i l l s ,  poor observation  techniques 
can a l l  a f f e c t  the f in a l  r e s u lt  o f  th e learn ing experience. The 
program developer must try  to  p resen t inform ation to  students in  a 
manner which w i l l  f a c i l i t a t e  the learn ing o f  the v a lid  concepts  
im p lic it  in  the sim ulation  model.
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I f  we accep t th a t students w i l l  form in v a lid  concepts, for  the reasons 
g iv en  above, then the CAL program should encourage an exchange o f  those  
in v a lid  concepts for  the v a lid  on es. Students should, th erefo re , be 
encouraged or m otivated to  use a program for  as long as i t  i s  necessary  
for  th is  conceptual exchange to  take p la c e . Game v ers io n s  o f  programs 
and the form o f  question ing and p ro v is io n  o f  h e lp  used in  P0ND2HEIP are 
both ways by which students can be encouraged to  use the program fo r  as  
long as i s  n ecessary . The game v e r s io n  w ith the o v ert in d ic a tio n  o f  
e ith e r  knowing or  n o t knowing the v a lid  concepts to  be a b le  to  co n tro l 
the model, may be b e tte r  than th e method used in  P0ND2HEIP in  th is  
resp ect.
P0ND2HELP, and PONDQU, are v ers io n s  o f  th e POND program which r e ly  on 
another s tr a teg y  fo r  attem pting to  encourage the formation o f  v a lid  
concep ts. PONDQU and P0ND2HEIP, e s p e c ia l ly  the la t t e r ,  attem pt to  
encourage a h ie r a r c h ic a l, or  "progressive" , a c q u is it io n  o f  co n cep ts .
The h ie r a r c h ic a l a c q u is it io n  o f  concepts has been considered in  chapter  
7 . Conceptual exchange w i l l  be considered in  th e n ex t chapter o f  th is  
d is s e r ta t io n .
Chapter 10
CAL and Concept Learning as a S c ie n t i f ic  E xercise
10.1 Introduction
I f  CAL sim ulation  programs are to  a c t  as s u b s t itu te s  for laboratory  
based e x e r c ise s , then they should be capable o f  conveying the
appropriate inform ation to  the stu d en ts. In a d d itio n , they should
a lso  encourage s im ila r  co g n itiv e  a c t iv i t i e s  to  th ose vh ich  would have 
been demonstrated in  the sc ie n c e  laboratory, th a t i s ,  those concerned 
w ith the v a r iou s a sp ects  o f  s c i e n t i f i c  thought.
VJhen students who p a r tic ip a ted  in  th ese  s tu d ie s  were asked i f  they  
b e lie v e  they experim ent or a c t  s c i e n t i f i c a l ly  th e ir  answers in d ic a te  
th a t th e ir  n o tio n  o f  a " sc ie n tif ic "  experiment i s  sim p le. They s e e ,  
for example, " ju st seeing what happens" and "see what the d if fe r e n c e  
would be" as actin g  s c i e n t i f i c a l ly .  This i s  s im ila r  to  the fin d in gs  
o f  S w ift (1981) who rep orts  younger p u p ils  seeing p a r t o f  s c i e n t i f i c  
method being s in gu lar  a c t iv i t i e s  such as "measurement" and 
" ca lcu la tion " . Rigorous, con tro lled  experim ents do n o t always seen  to  
be n e c e s sa r ily  included in  th e ir  notion  o f  a s c i e n t i f i c  e x e r c ise , a t
le a s t  as i t  i s  app lied  to  the use o f  a CAL program. But, are  the
students uusing the CAL programs in  a s c i e n t i f i c  manner?
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Much o f  sc ie n c e  i s  concerned w ith  the formation and te s tin g  o f  
hypotheses. Science can be regarded as a s p e c ia l  form o f  co g n itio n . 
Concepts are o ften  regarded as hypotheses which can be exchanged or 
m odified i f  found to  be u n su ita b le . S c ien ce  in v o lv es  the a p p lica tio n  
o f  rigour and o b j e c t iv it y  to  th ese  p ro cesses . P e ir c e 's  Theory o f  
Abduction i s  concerned w ith  the fee tors which are  involved w ith  the  
crea tion  and adoption o f  hypotheses (co n cep ts). -
Abduction, the p rocess o f  creating  and adopting a "reasonable" 
h yp oth esis, i s  in i t ia t e d  by an in d iv id u a l seeing  a surp risin g  f e e t .  A 
f e e t  or event i s  surp risin g  because i t  apparently cannot be explained  
using a p erson 's  e x is t in g  conceptual s tru c tu re . In other waords, the  
data appears to  be anomalous. On seeing such d a ta , a person can be  
sa id  to  be actin g  " s c ie n t if ic a lly "  according to  P e ir c e  i f  th ey  c re a te  a 
reasonable explanation  for th a t observation , deduce the consequences o f  
th a t explanation and then t e s t  them experim en ta lly . I  w i l l  an a lyse  
the way in  which th ee students p a rtic ip a tin g  in  th ese  s tu d ie s  used the  
PCM) programs to  se e  whether th e ir  co g n itiv e  a c t i v i t i e s  can be sa id  to  
conform to  th is  notion  o f  s c i e n t i f i c  methodology.
(se c t io n  10.2)
10 .2  On. Seeing Surprising Data -  The Nature o f  Conceptual Learning
Much o f  th e time during a CAL program run i s  sp en t by the students  
making observations and d escrib in g  what i s  happening. Much o f  vhat 
they s e e  they regard as accep ta b le . Using the POND programs they can 
learn  how the populations in te r r e la te  and thus g a in  an in s ig h t  in to  the  
behaviour o f  a pond ecosystem . However, o i l y  a  sm all proportion o f  
vhat they p erce iv e  appears to  conform to  the d e sc r ip t io n  o f  being 
"surprising" (s e e  figu re  1 0 .2 ) .
Frcm th e p ro to co ls  and in terv iew  tra n scr ip ts  o f  a l l  the stud en ts who 
used th e POND programs I  determined the to t a l  number o f  ob servations
(O) each made and the number o f  observations which appeared to  conform 
to  th e  n o tion  o f  being surprisin g  data (S) throughout th e ir  program 
run. I  then tr ie d  to  a sce r ta in  how each item  o f  su rp risin g  data was 
trea ted , th a t i s ,  the events th a t followed i t  as a d ir e c t  r e s u l t  o f  the  
observation  being found to  be su r p r is in g .
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Event pattern* a b c d e f 9 h i i T otal
Program N Number o f  events
POND-2 9 21 26 2 0 0 1 0 0 1 l 52
PONDQU 9 11 9 1 0 2 0 0 0 0 0 23
PONDGAME 7 18 17 1 3 3 1 0 0 0 0 43
P0ND2HELP 10 31 17 0 1 1 0 1 1 0 0 52
TOTAL 35 81 69 4 4 6 2 1 1 1 l 170
* Event p a ttern  * Event pattern
a: S f:
S“ X
b: S—►H
c: S— —► 0 g : S—►H—MD—*>0
d: ^ o ( s ) —* h 2 h: S — — ^O(S)
e: S —»-0 (S )—►H^ —^ 0 i : 1
j :  S D -—I -► O H^ —
R= h yp o th esis; D= deduction; 1= induction; 0= observation  
S= su rp risin g  data
Figure 10 .2  Frequency o f  events follow ing th e  p erception  o f
"surprising data*1 for a l l  stu d en ts using the POND 
programs
Figure 10 .2  shows th a t very  few in sta n ces  follow ing the percep tion  o f  
su rp risin g  data w i l l  i n i t i a t e  the vh o le  s c i e n t i f i c  p rocess o f  
abduction, deduction and in d u ction . Of the 170 in sta n ces  reported  
h ere o f  even ts regarded by the students as anomalous, 89 (52%) re su lted  
in  the in i t ia t io n  o f  a reasonable exp lanation . By a "reasonable"
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explanation  I mean th a t the explanation i s  reasonable for th at 
in d iv id u a l, n o t n e c e ssa r ily  reasonable for anyone e l s e  Who might be in  
a s im ila r  s itu a t io n .
I t  i s  because h yp othesis formation i s  reasonable for the in d iv id u a l for 
Whom an even t i s  su rp risin g , th a t P e irce  regards abduction as being 
capable o f  explanation , a t  l e a s t  p sy ch o lo g ica lly , and thus being p art  
o f  s c i e n t i f i c  methodology.
Ihe ways in  Which students in d ic a te  th a t an observation  i s  surprising
ob viou sly  v a r ie s .  In seme in sta n ces  the statem ent i t s e l f  in d ic a te s
the elem ent o f  su rp rise:
"Massive in crea se  in  the plankton" (IQ)
"Oh, no f is h .  Good God" (FQ)
In other in sta n ces  the students make an observation  statem ent, but then
say What they had expected to  see :
"The f is h  nunbers d ecrease more ra p id ly  than th e  p lankton. Would 
expect the plankton to  decrease more ra p id ly  than the f is h  because 
the f is h  are in  la rg e  nunber s."  (NL)
" . .th e  herb ivores in crea se  to  more than th e plankton Which you 
w ouldn't expect."  (NL)
For learning to  take p la ce  th is  surprising data should lead to  the
formation o f  new concepts in  the form o f  h yp oth eses.
P e irce  d e fin e s  "making a hypothesis" as:
"Hypothesis i s  vhere we find seme surprising  f e e t  Which would 
be explained by supposing th a t i t  was a ca se  o f  a c e r ta in  
r u le , and thereupon adopt th a t supp osition ."
(P eirce , 2 .623)
(se c tio n  10.2)
Many ph ilosophers hold  the v iew  th a t the process o f  creatin g  a
h yp oth esis  i s  one o f  a fla sh  o f  in s ig h t , and thus one Which cannot be
explained by lo g ic .  P e irce , although b e liev in g  th a t th is  process i s
one o f  a f la sh  o f  in s ig h t , b e lie v e s  th a t i t  i s  a reasoned in s ig h t:
"You cannot say  th a t i t  happened by chance, because the  
p o s s ib le  t h e o r ie s . . .exceed a t r i l l i o n . . .and th erefore  the
chances are too  overwhelming a g a in st the s in g le  true
th eo ry ., .ever having come in to  any man's head."
(P eirce , 5.591)
However, the adoption o f  a  su ita b le  hyp othesis follow ing a
"surprising" event in clu d es n o t on ly  the ch o ice  o f  a "reasonable" one,
but a ls o  What seans to  be the "best" one terms o f  "economy":
"Best h y p o th esis , in  the sen se  o f  most reccnmending i t s e l f  to  
th e  in q u irer {ycsy em phasis], > is  th e one vh ich  can be most
r e a d ily  refu ted  i f  i t  i s  fa ls e ."  . -
(P e irce , 1.120)
and p la u s ib i l i t y :
"An h yp oth esis  i s  adopted for seme reason, good or bad, and 
th a t reason i s  being regarded as  lending the h yp oth esis seme 
p la u s ib i l i t y ."
(P e irce , 2.511 n . l )
As in  in d u ctiv e  th eo r ie s , the h yp oth esis  adopted should exp la in  the  
observed fa c ts  and lead to  con clu sion s Which a re  capable o f  
v e r i f ic a t io n .
O ccasion ally  the students w i l l  provide a reason, a "backup", for a 
h yp oth esis  they choose to  adopt to  exp la in  a surprising  ev en t. For 
example:
"There seems to  be a new type o f  phytqplankton Which probably  
has gained r e s is ta n c e  to  th e p o llu tio n ^ ) because i t  i s  
reproducing v ery  qu ick ly  .(*) Changes in  the~system  occur v ery  
q u ick ly . Others would have been a n n ih ila ted  frcm the  
env jjcnmentij)1
(DW)
Garment 1 in d ic a te s  the surprising  even t "the rapid reproduction  o f  the  
phytqplankton; carment 2 i s  the h yp oth esis  put forward to  exp la in  th is  
event; and comment 3 th e reason provided for putting  forward the
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h y p o th es is .
The follow ing quotation  i s  by a stud en t using PONDGAME, the hyp oth esis  
i s  one vhich i s  intended to  a llow  the person to  make a p r o f i t  fir an the 
f is h  farm by m aintaining the nunber o f  f is h  in  the farm:
In comment 1 th e nunber o f  f is h  caught (n o t ob /io u s . fircm th is  
quotation) i s  su r p r is in g ly  lew . Garment 2 i s  a h yp oth esis as to  how 
th is  problen can be overcome, and carment 3 the reason vhy the  
h yp oth esis was p u t forward. ■ •-
P e ir ce 1 s  theory p r e d ic ts  th a t a person adopts the "best" h yp oth esis  o f  
sev era l th a t are  the r e s u lt  o f  the reasoned in t u i t iv e  p ro cess . There 
are a nunber. o f  examples o f  studen ts using the POND programs putting  
forward sev era l hypotheses to  exp la in  an even t. The m ost b a s ic  o f  
th ese  are th ose vhere sev era l hypotheses are put forward w ithout a 
ch o ice  being made, th a t i s ,
as in  the follow ing two examples:
"I c a n 't  th ink  why i t  k i l l s  th e f i s lP -  b esid es  beira a poison
In 'both o f  th ese  examples, the surprisin g  f e e t  i s  shown in  carment 1 , 
hyp oth esis 1 i s  shown by carment 2 , and h yp oth esis 2 i s  shown by 
comment 3 .
"I t  ju s t  g e t s  worse there in  year 2 P  Should they g o  up? So 
you need lo t s  o f  plankton, fewer h e r b i v o r e s f e w e r  f i s h ffi 
They are a l l  dying o f  sta rv a tio n  the other £Le
(HS)
"The number o f  h erb ivores i s  decreasing® and the nunber o f  
f is h . I  don' t  know vhether the f is h  are resp o n sib le  for the  
herbivore d e c r e a s ^ or the h erb ivores resp o n sib le  fear the f is h  
d e crea sed
(CH)
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O ccasionally  the ch o ice  o f  th e m ost p la u s ib le  hyp oth esis can be 
observed as in  the follow ing s e r ie s  o f  qu otation s from a stud en t who 
has p o llu ted  the paid and i s  surprised  to  see  the f is h  d e c lin e  in  
numbers (comment 1 ):
"The f is h  went down badly?. .Do they say vh at the p o llu tio n  
i s ? I t  must be scmething w ith  io n s in  i t l® I t  must be a 
factory . F ish  are always a ffe c te d  by p o iso n s . .  .The f is h  
d ied , so  have the h erb iv o res .® I t  must have been too much 
for the h e r b iv o r e s .. .The herb ivores picked up again a f te r  
h a l f  a year had g o n e .. «1he f is h  could be dying for they have 
no herbivores to  ea t,©  but they probably d ied  frcm the  
p o llu t io n ^
(NP)
The o r ig in a l h yp oth esis, to  exp la in  the d e c lin e  in  f is h  numbers was 
th a t o f  p o llu t io n  (an obvious ch o ice  s in c e  th is  mode o f  the program was 
concerned w ith  p o llu tio n ) by io n s . la t e r ,  however, NP n o ticed  th a t  
both the f is h  and the herb ivores had d ied  (carment 3 ) .  This led  to  
the hyp oth esis (carment 4) th a t the herb ivores had been resp o n sib le  for 
the f is h  d e c lin e , but the student alm ost im m ediately chose th e b e s t  
hyp oth esis (canment 5 ) , th a t o f  p o llu t io n  being the cause. Here the  
co n tex t w ith in  - which the ism u la tich  • was I .being’ used ■ probably played a h '' y 
important p a r t in  determining what the "best" h yp oth esis  was.
In the n ext example, the ch o ice  o f' hypotheses i s  concerned w ith  the  
feeding h a b its  o f  the f is h  population:
"As the f is h  in crea se  the herb ivores d ecrease  ^(im p lies  f is h  
e a t  h e r b iv o r es ) . . .  now seen  to  be feeding more on th e  
p l a n k t o n . . .  Taking time for the f is h  and h erb ivores to  
in crea se . As they do, the plankton d ecrea se . As th e  f is h  
overtake the h erb ivores, th e herb ivores d ecrea se , th e  
plankton in crea se  then J0 T herefore, the f is h  p refer  feeding  
cn the h e r b iv o r e ^ '
(MB)
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Garment 1 was a su rprisin g  even t, cne vihich led  to  the h yp oth esis  
( im p lic it  in  what MB sa id ) th a t the f is h  fad on the h erb ivores. 
Garment 2 showed an a lte r n a tiv e  feeding h a b it , th a t o f  feeding on 
phytcplankton. . The ch o ice  o f  hypotheses was more or le s s  reso lved  by 
a s e r ie s  o f  observations (carment 3) in  favour o f  the f is h  feeding on 
the h erb ivores (caim ent 4 ) .
An im portant p a rt o f  s c i e n t i f i c  methodology, and understanding in
g en era l, i s  the v e r i f ic a t io n  o f  a hyp oth esis th a t has been- r e c e n tly
adopted. This i s  shown by stud a i t s  using CAL programs, for example:
"As th e number o f  phytoplanktcn in crea ses , so  does the nunber 
o f  herb ivores fo. .The phy tcplankton are proportion al to  the  
h e r b iv o r e s ^  When the phytoplankton g o  down, so  do the  
h erb iv o res^ 1 "
(PS)
In th is  quotation , the su rp risin g  fe e t  (1) r e s u lt s  in  the formation o f  
a h yp oth esis  (2) which i s  then confirmed by another observation  (3) in  
which th e  populations behave in  the op p osite  vay to  th a t vh ich  was 
o r ig in a l ly  seen but vh ich  s t i l l  confirms the v e r i t y  o f  the o r ig in a l  
h y p o th es is .
In some in sta n ces , however, an observation  may req u ire  the s l i g h t  
m o d ifica tion  o f  the o r ig in a l h yp oth esis:
©"The number o f  f is h  have n o t  r e a l ly  picked up a g a in . The 
t o t a l  balance o f  f is h  i s  considerab ly  lower due to  f is h in g .
The fish in g  i s  taking i t s  t o l l  on th e  population  o f  f i s h ,®  
vh ich  i s  decreasing They cannot_ reproduce f e s t  enough to  
rep la ce  those th a t have been caught©"
(DW)
The s e r ie s  o f  events in  th is  ep isode c o n s is t s  o f  a surprising even t
(1) ,  followed by the h yp oth esis (2) th a t the fish in g  i s  "taking i t s  
t o l l  o f  the population  o f  f ish " . The observation  th a t the f is h  are
seen to  be further decreasing (3) seons to  req u ire  a s l ig h t  s h i f t  in
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explanation (4) where the f is h  are sa id  n o t to  be reproducing fa s t  
enough to  rep la ce  th ose caught by the fishermen.
I f  the observations do n o t support the h y p o th esis , they w i l l  them selves 
be "surprising facts"  and can r e s u l t  in  the formation o f  a new and 
d if fe r e n t  hyp othesis frcm the o r ig in a l:
"I thoirjht there would be enough ( f is h )*  th ere to  improve i t .
But there i s n ' t ®  ( in  March)*. . .Do th e  f is h  e a t plankton  
d ir e c t ly ? ^) I'm beginning to  wander. .  .Try t h is  one (INPUTs 
zero h e r b iv o r e s )* .. . I ' v e  g o t  a l o t  o f  dead f i s h re. .F ish  e a t  
h e r b iv o r e ^ "
(CH)
* my ad d ition s
Here, the s e r ie s  o f  events are  more complex, becoming more o f  th e  
p rocess vhich  i s  norm ally recognised  as being " s c ie n t if ic " . Following  
the surprising event ( 1 ) ,  the stud en t te n ta t iv e ly  h o ld s the h y p o th esis  
th a t the f is h  e a t  plankton ( 2 ) .  I f  an experim ent i s  to  be s e t  up to  
v e r if y  or r e fu te  th is  h y p o th es is , the obvious one i s  to  remove 
plankton from the pond. CH, however, ^performs an a lte r n a t iv e  
experiment, th a t o f  relieving the on ly  other p o s s ib le  prey for the f is h ,  
th e h erb ivores. -When the f is h  d ie  o f f  (3) i t  forces a  change in
h yp oth esis ( 4 ) .  Im p lic it  in  th is  process i s  th a t  CH must have deduced
th a t i f  the f is h  e a t  herb ivores they w i l l  d ie  i f  no h erb ivores a re  
p resen t in  the pond, and hence :the INPUT o f  fzero h erb iv o res . This 
p rocess o f  deduction was probably followed t y  a comparison o f  the  
p red ic tio n  (th e  consequences o f  the INPUT a c tio n ) and th e observed  
ev en ts , vhich according to  P e irce  i s  in d u ctio n . . S ince the p red icted  
and observed events are  seen to  be the same, th e h yp oth esis  th a t ' f i s h  
e a t  herb ivores' i s  confirm ed. The process vh ich  CH probably carr ied  
ou t can thus be represented:
S  ►IL ►(H — ►D—^ 1 )— ►0— ►H,
co v er t process
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One can presume, therefore, that since the pattern of events that
sometimes takes place during program runs conforms, at least in some 
instances, to what can he regarded as a scientific pattern of events, 
CAL programs can he said to promote scientific forms of activity
similar to those described hy Peirce.
Rosalind Driver (1983) has described  the r o le  o f  conceptual frameworks 
in  how ch ild ren  exp la in  s c i e n t i f i c  ev en ts . Her exp lanations o f  the  
p rocess used by the ch ild ren  she stud ied  have much in  cannon w ith  th ose  
described  h ere .
In her book "The P u pil as S c ie n t is t? " , Driver ( ib id ) provides a nunber 
o f  ex tra cts  o f  tr a n sc r ip ts  o f  ch ild ren  carrying ou t v a r iou s
experim ents. One o f  th ese  e x tra c ts  concerns Richard and Carl who are
studying f r ic t ic n  between d if f e r e n t  su rfaces:
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Richard:
Carl:
Chrl:
Carl:
Richard:
Carl:
Richard:
Carl:
We p u lled  i t  on th e wood flo o r , a notebook, a b r i s t ly  r i g ,  a  
s o f t  board and a t i l e  f lo o r .
L e t 's  pu t i t  on th e g la s s .
[The boys rep ea t th e ir  measurement on a la rg e , g la ss-co v ered  
ta b le !
200 grammes! I t ' s  smooth, I  thought i t  would be l e s s .
[C arl continues p u llin g  the block along the g la s s  to  the  
edge]
175 grammes.
Where?
Seems odd. When you put i t  cn the g la s s ,  as soon as  you g e t  
near the edge, i t  takes l e s s  force to  p u l l  i t ,  w h ile  you p u ll
i t  in  the m iddle i t ' s  p r e tty  even. A t the end i t  jumps
down. S1
Maybe we are n o t p u llin g  i t  even ly . 1
[Richard a tto n p ts  to  co n tro l th is  fa c to r  by using a
b attery-d riven  v e h ic le  to  p u ll  a t  what he^ assumes to  be a 
constant speed D1 I I ]
Did it-ch an ge?  [r e fer r in g  to  the spring balance treading] • •• :;
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Richard: Y es, but i t  g o t  considerab ly  lower. 2 I  th ink th a t may
be in e r t ia  though. ^2
[To t e s t  ou t th is  id ea  h e  turns the tra cto r  round, sta r tin g  
i t  o f f  frcm the edge o f  the ta b le  ^2 ^2]
Richard: When i t  g oes th is  way, farce d ecreases. The other way i t
° iincreases. 1
HCarl: Maybe i t ' s  n o t l e v e l . 3 Force would le s s e n  going dcwn, as
g r a v ity  i s  help ing you D3 
Richard: I t  looks le v e l ,  though.
The boys then measure the l e v e l  using a s p i r i t  l e v e l  *3 and find th a t
the ta b le  does s lo p e  down a t  the edges °2
This sequence o f  events can be represented according to  P e ir c e 's  notion  
o f  s c i e n t i f i c  methodology thus:
-  405 -
V secm o n  x u . z j
Driver ( ib id . ,  pages 62-3) says o f  th ese  n otab le  even ts in  th is
learning ep isod e:
S^: " Ib is  observation  by Carl ob viou sly  su rp r ise s  both o f  the
b eys, as they had expected a constan t reading cn the
balance".
H^: " Im p lic it in  th is  statem ent i s  the thought th a t the fr ic t io n
i
w i l l  depend cn the speed a t  vh ich  the b lock  i s  p u lled ."
D^: "Richard a tton p ts to  co n tro l th is  fee  tor  by using a
b attery -d riv en  v e h ic le  to  p u ll  the b lock  a t  what h e assumes 
to  be a co n tro lled  speed."
"Having co n tro lled  one p o s s ib le  v a r ia b le , Richard new r a is e s  
another h yp oth esis, th a t the change in  the reading i s  due to  
in e r t ia " .
D^: "(Later h e explained th a t h is  id ea  h ere  was th a t i t  takes
mare e f f o r t  to  g e t  something going than to  keep i t  g o in g , and 
th is  might have been the cause o f  the f e l l  in  the spring  
balance reading)"
"To t e s t  ou t th is  id ea  he turns the tra cto r  round, s ta r tin g
i t  o f f  from the edge o f  the ta b le" .
H^: "Having re jec ted  the in e r t ia  h y p o th esis , Carl then su g g ests  a
further idea: th a t the change in  reading i s  due to  a slop ing  
su r fa ce . Richard i s  dubious because the ta b le  appears 
le v e l ."
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D^: This i s  n o t explained by D river, but Carl in d icated  the
d ed u ctive  thought p rocesses by saying th a t "force would 
le s s e n  going dcwn, as g r a v ity  i s  help ing you."
I 3/^ °2: ^ssu e  i s  - f in a l ly  reso lved  when th e beys use a s p i r i t
l e v e l  and find the ta b le  d oes, in  f e e t ,  s lo p e  down a t  the  
ed g es ...T h e  beys have in terp reted  vhat was o r ig in a l ly  a 
su rprisin g  observation  in  terms o f  an explanation they  
accep t: th a t o f  the in c lin e ."
The th ree hypotheses produced by th ese  boys were reasonable h yp oth eses. 
The f i r s t  h y p oth esis  (H^) to  be te s ted  was probably se le c te d  for a 
reason o f  economy. I t  i s  obvious to  those per fom ing and taking an 
a c t iv e  p art in  an experiment th a t they may be a t  f e u l t  i f  th e expected  
r e s u lt s  are n o t obtained. C au sa lity  i s  o ften  r e la ted  to  a c lo s e  
- event, in  t h is  ca se  i t  was an event (p u llin g ) vh ich  was c lo s e  in  time 
to  the observation  th a t le s s  force i s  required near the edge o f  the  
ta b le . To choose any other h y p oth esis  would mean th a t they were 
overlooking an o b /io u s cause o f  th e surprisin g  d a ta .
Driver explained the process being used by Richard and Carl in  th is  
learning ep isod e as hypo th etico -d ed u ctiv e  thought. Their ded u ctions, 
although n o t in d ica ted  by Driver, are  e ith e r  im p lic it  in  th e ir  a c tio n s  
(fo r  example, D^ - and D^) or in  th e ir  statem ents ( for example, D^).
The in d u ctiv e  p rocess , as defined by P e irce , fo llow s the crea tio n  o f  
th e th ree hypotheses by Richard and C arl. In th e f i r s t  two ca se s  the  
in d u ctiv e  p ro cesses  resu lted  in  the r e fu ta tio n  o f  the h y p o th es is , but 
in  the f in a l  ca se , in  i t s  acceptance as an exp lan ation .
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Although the h yp oth etico-d ed u ctive p ro cess i s  n o t unique to  P e ir c e 's  
n otio n  o f  s c i e n t i f i c  method, h e  i s  noted for h i s  emphasis on the
crea tio n  o f  a reasonable hypothesis a s  a r e s u l t  o f  recogn isin g  a
surprisin g  even t. "Reasonable" hypotheses are created  by in t u i t iv e  
reason in g . I t  i s  thus p o ss ib le  to  r e fe r  to  th ese  as "reasoned" 
h yp otheses.
D river reco g n ises  the importance o f  su rprisin g  events for the
s c i e n t i f i c  process:
" . . i f  i t  had n o t been for the o r ig in a l su rp r ise  in  the uneven 
spring balance reading ar isin g  from an exp ecta tion  th a t i t  
should be constan t, there would have been no in v e s t ig a t io n  in  
the f i r s t  p la ce ."  (page 64)
For D river, therefore* as for Peirce* the s c ie n t i f ic - p r o c e s s  begins v.
w ith  th e perception  o f  a surprising ev en t.
The creation of a hypothesis has been explained in terms of the 
conceptual frameworks possessed by the children. The statement,
therefore by Popper (1960) and Copi (1953) that the creation of a 
hypothesis is not capable of logical explanation would thus seem to 
have been refuted.
O ccasion ally , my s tu d ie s  have shown th a t a surprisin g  even t has  
encouraged the crea tio n  o f  sev era l, competing h yp otheses. I t  i s  n o t  
ev id en t frcm D riv er 's  s tu d ies  (1983) whether she d etec ted  a s im ila r  
crea tio n  o f  competing hypotheses.
It is probable however that children and young adults either use 
successive scanning or partist strategies, or .both, for concept 
selection and acquisition.
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S c ie n t i f ic  methodology i s  a means by vhich  "nature", the "real-world", 
can be understood. Students vho use a s c i e n t i f i c  approach to  d iscover  
the various concepts "contained within" a sim ulation  model appear to  be 
ex h ib itin g  vhat has been described as a "deep approach" to  the learning  
m ateria l (Marten, 1976; E h tw istle , 1981). S in ce the learning approach 
a stud en ts adopts when faced w ith  su b jec t m ater ia l i s  recognised as o f  
importance in  determ ining th e outcome o f  a learning experience I  
attempted to  c la s s i f y  the approach adopted by th e stud en ts when using 
the POND programs using Marten's c la s s i f i c a t io n  o f  deep a c t iv e , deep  
p a ss iv e , surface a c t iv e  and su rface  p a ss iv e .
Although previous attem pts a t  describ in g  the approach adopted by 
stu d en ts were concerned w ith  th a t adopted w h ils t  reading te x t  in  books 
e t c . ,  i t  seemed th a t i t  was eq u a lly  a p p lica b le  to  the use o f  a CAL 
program. The approach adopted by a stu d en t can u su a lly  be found in  
th e ir  rep ly  to  the q u estion  posed in  the post-run  in terv iew  "What do 
you th ink are th e main p o in ts  o f  the program?" . - However*, to  fu l ly  - 
ensure th a t th e ir  approach was c o r r e c t ly  c la s s i f i e d ,  evidence was 
obtained from th e e n tir e  post-run  in terv iew  and the observation  
p r o to c o ls . The four types o f  approach are d efin ed  in  th e follow ing  
manner:
Deep approach: i s  where the s tu d en t's  aim i s  to  understand the con ten t 
o f  th e m ater ia l, to  be a b le  to  draw g en era l con clu sion s and to  th ink  
ever the lo g ic  o f  th e argum ent.
A deep a c t iv e  approach i s  where the co n ten t o f  th e  m ater ia l i s  
r e la ted  to  previous knowledge, vhere the evidence i s  r e la ted  to  the  
con clu sions drawn, for example:
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"I saw th a t the normal l i f e ,  the natural l i f e  o f  a pond does 
n o t vary much between the y ea rs , but the e f f e c t s  th a t fish in g  
has on i t  can be q u ite  dram atic, and can change the balance  
o f  l i f e  a l o t .  A lso p o llu t io n  has a v ery  major e f f e c t  
i n i t i a l l y ,  t u t  the balance o f  l i f e  re tu rn s, although the 
ecosystem  i s n ' t  so  Complex lo s in g  f ish  u n less  reintroduced by 
man."
(DW:main p o in ts)
"To see  how you were a b le  to  compare the s t a t i s t i c s . . .th e  idea  
o f  constan t p op u la tions, th e id ea  o f  s e t t l in g  adaptions 
t o . . . t h i s  was sy m b io t ic .. .They a l l  seamed extrem ely
adaptable, i f  the co n d itio n s were r ig h t  they could carry on, 
but as soon as the co n d itio n s changed they a l l  went haywire."
(JH2 :imain p o in ts)
\
A deep p a ss iv e  approach i s  taken to  be vhere the evidence i s  n o t
r e la ted  to  any conclusions drawn, for example:
"I was thinking 'vhat i f  they had a l o t  o f  f is h  and n ot so  
many herb ivores and phytcplankton?' . . . I  was expecting i f  — 
th ere v a s n 't r a  l o t  o f  * food around the f is h  they w on't 
survive."
(TS:main p o in ts)
"How to  keep the pond s ta b le  w ith  f is h , plankton and 
h erb iv o res ."
(ST:main p o in ts)
Shrface approach: i s  vhere the s tu d en t's  aim i s  towards the m ater ia l
i t s e l f  and n o t ' t o 1 the underlying1 themes.'’ V ,'The'student i s  n o t  concerned ■
w ith  r e la t in g  the m ateria l to  r e a l i t y .
A su rfa ce  a c t iv e  approach i s  taken to  be vhere the stud en t t r ie s  to
memorise what i s  happening, d escr ib es  events w ithout in teg ra tin g  them
in to  a gen era l arguement. For example:
"Trying to  make you understand a b i t  more about them, .s e e  
how. .herb ivores, f is h  and phytoplankton ad verse ly  a f f e c t  each 
other."
(NL:main p o in ts)
" It was trying to  teach me th a t f is h  d o n 't  feed on 
h erb ivores, .th a t  the number o f  f is h  depends on the fish in g  
r a te , f is h  feed on plankton, p o llu t io n  k i l l s  them a l l  
o f f .  . .th e y  a l l  seem in te r r e la te d ."
(DH:main p o in ts)
(se c t io n  10 .2)
A su r fa ce  p a ss iv e  approach i s  Where the stu d en t d o e sn 't  r e a l ly  
bather, lo s e s  in te r e s t  and cn ly  mentions is o la te d  p o in ts .
Program
Surface  
p a ss iv e  a c t iv e
Deep
p a ss iv e  a c tiv e
POND-2
PONDQU
PONDGAME
POND2HELP
0 3
1 3 
0 5 
0 4
2 4
0 5 
0 2
1 5
TOTAL 1 f.5 3 16
Figure 10 .3  - Nuriber o f  stu d en ts using .th e POND programs in  e a c h ,
o f  Marten* s  ca teg o r ie s  o f  learn ing approach -.
Figure 10 .3  shows th&t the stu d en ts in  th ese  s tu d ie s ' who used the POND 
programs were approxim ately eq u a lly  d iv ided  in to  th ose vho adopted a 
su rface  approach and th ose vho adopted a deep approach. I t  i s  n o t  
surprisin g  to  find th a t the m ajority  were surface  a c t iv e  or deep a c t iv e  
s in c e  the very  nature o f  CAL programs donands an a c t iv e  student-CAL 
in te r a c t io n . Since most o f  th e stud en ts f e l l  in to  the "active" rather  
than "passive" ca teg o r ies; I  decided to  m erely look  a t  what a su rface  
and a deep approach meant for those using sim u lation  programs.
\OCUULUl 1U«^/
Type o f  
concept 
formation
Mean number o f  concepts formed 
(proportion -  as a percentage)
L evel
o f
S ig n ifica n ce  
o f  D ifferen ce  
Between the  
Means
Surface
Approach
Deep
Approach
A 0.93  (18.1%) 2.21  (21.9%) 95%
B 1.33 (15.2%) 1.53  (16.2%) —
C 2.40 (38.8%) 4 .3 7  (39.5%) 90%
D 1.93 (27.8%) 2 .1 6  (21.4%) —
a l l  forms 6.60 10.26 90%
Figure 10 .4  A Canparison o f  Surface and Deep Approaches to  the
Use o f  th e  POND Programs w ith  -Respect to  th e  Types 
o f  Concept Formation D arm strated - *
Although those students vho adopted a surface approach dortonstrated the  
form aticn o f  a s ig n if ic a n t ly  lower number o f  concepts w ith in  each o f  iry 
four ca te g o r ie s  (A -  D) than th ose vho adopted a deep approach ( fig u re  
1 0 .4 ) , the proportions o f  each o f  the four types o f  concept formation  
were sim ila r  for each le v e l  o f  approach (f ig u r e  1 0 .4 ) .  Thus, b es id es  
the dem onstration o f  a d if fe r e n c e  in  th e nunber o f  concepts formed, one 
must ask  the q uestion  whether th ere are any other fa c to rs  concerned 
w ith a surface/deep  approach adopted by the stu d en ts when using a CAL 
sim u lation .
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Surface Deep Student's Level
approach approach t-sc o r e o f
mean
v a lu e
mean
v a lu e
s ig n if ic a n c e
N= 16 19
No. observation s 30 .2 4 1 .4 1.194
No. surprisin g  
observations 3 .6 5 .9 2.306 95%
No .hypotheses formed 
a fte r  surprising  obs.2 .0 . 
H ypothesis/ 
surpr. o b s . r a t io  0 .45
3 .0
0 .5 6
1.533
0.962
-
No .pr eccncepts  
r e la ted  to  food
pyramid concept 
No. concepts 
r e la ted  to  food
1 .4 2 .8 2.963 99%
pyramid concept 
follow ing program 3 .9 5 .0 1.946 90%
N= • 15 19 '
No. experim ental 
a c t iv i t i e s 4 .3 4 .4 0.090
No. s tr a te g ic  
a ctio n s 7 .5 7 .5 0.030
No. v a lid  +
in v a lid  concepts 7 .9 1 0 .8 1.172 —
( e x c l .  PONDGAME)* 
N= 10
* 'K* • **
17 •v
No. experim ental
a c t iv i t i e s 1 .3 3 .1 1.974 90%
No. s tr a te g ic
a c tio n s 2 .9 6 .1 2.168 95%
No. v a lid  +
in v a lid  concepts 5 .1 10 .8 2.110 95%
* Because PONDGAME by i t s  v ery  nature encourages a g rea ter  number o f  
experim ental and s tr a te g ic  a c t i v i t i e s  than the other POND programs, i t  
was f e l t  th a t a more s a t is fa c to r y  comparison would be obtained i f  the  
students vho used PONDGAME were excluded frcm th is  p a r t o f  the  
s t a t i s t i c a l  a n a ly s is .
Figure 10.5  ~ A comparison o f  the a c t i v i t i e s  o f  su r fa ce  and deep .....
approaches o f  stud en ts using the POND programs
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Students using CAL sim u lation s behave d if f e r e n t ly  in  th a t seme INPUT a 
la rg e  number o f  s e t s  o f  data , make a large  number o f  observation  
statem ents, conceptual statem ents e t c .  Figure 1 0 .4  shows a comparison 
o f  students adopting a su rface  and a deep approach w ith regard to  vhat 
I  see  as th e ir  p o s s ib le  major c h a r a c te r is t ic s .
Frcm figu re  10 .5  i t  seems th a t  those stud en ts w ith  a good i n i t i a l  
knowledge o f  th e  concepts r e la te d  to  the main concept ("food pyramid") 
o f  the sim ulation  w i l l  adopt a deeper approach to  using the programs.
This students who adopt a deep approach when using these CAL programs 
appear to make significantly more surprising observations than those 
who adopt a surface approach.
This i s  probably because they have a b e tter  conceptual base from which 
to  work. Those w ith  a poor conceptual base w i l l  n o t be su rp rised , t u t  
i n i t i a l l y  accep t what they see  a s  the truth  and b u ild  th e ir  conceptual 
stru ctu res accord in g ly . -
Although there i s n ' t  a s t a t i s t i c a l  d if fe r e n c e  between the mean number 
o f  hypotheses formed ty stud en ts having the two approaches, 
those who adopt a deep approach demonstrate a statistically higher 
number of experimental and strategic activities and a higher number of 
concepts than those who have a surface - approach. Not surprisingly, 
therefore, the adoption of a deep approach is one which is probably 
going to be more successful for the students, and thus should be 
encouraged by the program.
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10.3  On Seeing Surprising Data -  Conceptual Exchange?
When a student u ses a CAL program which sim ulates a p a r ticu la r  p a r t o f  
the rea l-w orld , th a t student may use a v a r ie ty  o f  " s c ie n t if ic "  methods 
( for example, by se tt in g  up and observing co n tro lled  experim ents) 
and/or " n o n -sc ien tifie"  methods (fo r  example, by m erely p ressin g  keys) 
to  attem pt to  d isco v er  and d escr ib e  the nature and behaviour o f  th a t  
sim ulation  model. The stud en t w i l l  make a number o f  ob servation s o f  
the behaviour o f  the sim ulation  model and m ight then formulate 
reasonable hypotheses to  exp la in  those ob servation s.
People appear to  have an inborn, in t r in s ic  d e s ir e  to  d isco v er  and form 
r e la t io n sh ip s  which attem pt to  make sen se  o f  the world in  which they  
l i v e  -  in  th ese  s tu d ie s , i t  i s  the sim ulation  program that' they are  
u sin g . Popper (1980) sees  th ese  r e la t io n sh ip s  having an im portant 
p r e d ic t iv e  r o le .  He see s  the formation o f  r e la t io n sh ip s  as "an inborn  
rea c tio n  or response to  impending even ts" .
I t  i s  im portant th a t program d esign ers do n o t assume th a t an in d iv id u a l  
w i l l  always ccme to  r e a l i s e  the "true" r e la t io n sh ip  between th e  variou s  
parameters o f  a sim ulation  model. A lso , they must n o t assume th a t  
in v a lid  conceptions w i l l  be followed by the formation o f  th e  v a lid  
con cep ts. Conceptual exchange, as I  w i l l  show, does n o t  always occur 
even i f  the observations made by a person appear to  demand i t .
On th ose o ccasion s during a program run when the v a l id i t y  o f  a  concept 
i s  ch a llen ged , i t  i s  o ften  sa id  th a t there i s  c o g n it iv e  or conceptual 
c o n f l i c t .
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When there is conceptual conflict, there appears to he two main 
options, or pathways for that person. They can either exchange
concepts, or they can retract from the conflict situation.
Pepper (1980) says th a t i f  observations show a h yp oth esis  to  be wrong, 
then a person may crea te  ad hoc d e f in it io n s  and hypotheses to  support 
the i n i t i a l  h y p o th es is , or. .that person may even r e fu se  to  accep t the  
fe ls ify in g  ev idence. R etraction  fir cm the c o n f l i c t  s itu a t io n  during 
the use o f  a CAL program can occur apparently in  th ree ways for users  
o f  CAL programs. I  w i l l  consider each o f  th ese  four options in  seme 
d e ta i l :
1 0 .3 .1  Option 1: Conceptual exchange
The stu d en t can change the nature o f  the concept, or h y p o th es is , vh ich  1 
has been p rev io u sly  used to  exp la in  o b serva tion s. The new concept 
should exp la in  a l l  previous observations and th e cu rren t o b serv a tio n s. 
When a concept i s  challenged , the in trod u ction  o f  th e new, mare 
p la u s ib le , more f r u it f u l  concept occurs, but i t  appears to  be a gradual 
in trod u ction  in  many c a se s .
VJhen introduced, a hew concept sometimes appears as a second and 
a lte r n a tiv e  concept togeth er w ith  th e  e x is t in g  concept. The stu d en t  
now has a ch o ice  o f  concepts, say concepts A and B. I t  may be th a t  
the most appropriate concept (concept A) i s  brought to  th e  fo r e fro n t in  
a p a r ticu la r  co n tex t. This concept (A) may then recede in t o  the  
background o f  the s tu d en t's  mind when another co n tex t i s  e v id e n t. In
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th is  d i f f e r e n t  co n tex t, the a lte r n a tiv e  concept (B) i s  dominant. Each 
concept, th ere fo re , may be dominant in  a p a r ticu la r  kind o f  co n tex t and 
r e c e s s iv e  in  another. The process, i s  scm evhat analogous to  th a t o f  a  
pan balance, each pan representing a p a r ticu la r  conceptual b e l i e f .  
The observation s made in  a p a r ticu la r  co n tex t w i l l  sway the balance one 
way or the o th er . When weighed down by th ese  observations th a t  
concept can be sa id  to  be th e dominant ch e. - This sequence o f  even ts  
has s im i la r i t ie s  to  the notion  o f  "everyday, lay" and " scien ce  
concepts".
This seq u en tia l emergence and reg ressio n  o f  concepts during a program 
run, a s  d if f e r e n t  co n tex ts  and s itu a t io n s  are  encountered by the  
stu d en t, can be observed by comparing ch ron o log ica l ep isodes o f  a 
s tu d en t's  program run. Such ca ses  tend to  be complex, probably  
because o f  th e very  f e e t  th a t there i s  a c o n f l i c t  in  the in d iv id u a l's  
b e l i e f s .  - - - i .
The follow ing example o f  such a c o n f l i c t  s itu a t io n  i s  taken from DW's 
program run using POND-2 where he has INPUT to  f is h  the pond. When 
the r e s u lt s  are OUTPUT by the computer h e  s a id :
"The number seans to  decrease w ith  f is h in g ? . . .L et me see  what 
e f f e c t  i t  has on the phytoplankton. _ The number o f  
phyfccplanktcn seems to  be le s s  during th e fish in g  sea so n ^
I t  does n ot searf to  take e f f e c t  u n t i l  a f t e r  about one month.  ^
The number o f  herbivores-seem s to  d ecrease  • scmevfoat^ p erh ap s " v * :/ 
because the f is h  have g e n e . .."
This quotation  shows th a t EW appears to  knew th a t fish in g  causes a
red u ction  in  the s iz e  o f  the f is h  population  (comment 1 ) ,  and th a t th is
change in  population  s iz e  ■ r e s u lt s  in  a d ecrease  in  number o f  the
phytoplankton (comment 2) and h erb ivores (carment 3 ) .  DW then w a it  on
to  exp la in  vhy he thought the plankton and h erb ivore pop u lation s had
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decreased as  a r e s u lt  o f  a decrease o f  the f is h  population:
" . .  .F ish  excretory m atter feeds £he phytoplankton, th erefore , 
the phybcplanktcn are  decreasedfc?and a ls o  th e herbivcres^hnd  
maybe t h e f is h S *^
With a decrease in  the s iz e  o f  the f is h  pop u lation , the amount o f  f is h  
excreta  would a ls o  d ecrea se . EW saw (comment 4) the plankton feeding  
on th is  excretory  m atter, and thus d ec lin in g  vhen the f ish  d ec lin ed  in  
nuribers. > v
/
V . '
Carments 5 and 6 both appear, a t  l e a s t  s u p e r f ic ia l ly ,  to  say th a t h e  
a ls o  b e lie v e s  the h erb ivores and the f is h  to  feed on the f is h  excretory  
m atter. In an in terv iew , I  tackled th is  stu d en t about t h is ,  and he  
confirmed th a t he saw th e  herb ivores feeding on the plankton, and the  
f is h  feeding on the h erb iv o res . ^
I f  the concept o f  plankton feeding on f is h  excretory  m atter were a 
v a lid  concept,., then th e p o s s ib le  consequences o f  i t  and the concepts  
th a t "herbivores feed on plankton" and " fish  feed on herbivores" can be 
showi to  be i l l o g i c a l  and thus in v a lid :
f i s h
D E C R E A S E
f ish  feed 
on
herbivores
planktcn
f is h  excretory  
m atter
'  PLANKTOI
d e c r e a s e
HERBIVORES
DECREASE
h erb ivores feed 
on plankton
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The o n ly  consequence o f  th ese  conceptions i s  th a t a l l  three populations  
would decrease to  the p o in t  o f  e x tin c tio n . There i s  no allowance for 
another fee tor to  cause any one o f  the populations to  in crea se .
In an in terv iew  w ith  EW s ix  months a fte r  h i s  use o f  the program, I went 
through the OUTPUT data  h e  had obtained during h is  program run. 
In te r e s t in g ly , using the stim u lated  r e c a l l  technique, h e  explained the  
same s e t  o f  data in  a s im ila r  way. He put forward the m isconception  
o f  plankton feeding on th e f is h  excretory  m atter to  exp la in  the  
d ecrease  in  s iz e  o f  plankton p op ulation .
The example I  gave in  s e c t io n  9 .3 .2  showed how PS had m isin terp reted \ 
the OUTPUT d ata . EW had behaved in  a s im ila r  way in  th is  ep isod e, as  
the r e s u lt s  h e  obtained show:
YEAR 1
MONTH PHYTO- 
PLANKTON 
(x  10*)
HERBI­
VORES, 
(x  10b)
FISH. FISH
CAUGHT
JAN 150 23 807 CLOSE
FEB 314 29 862 CLOSE
MARCH 317 58 666 CLOSE
APRIL 391 55 1333 139
MAY 271 68 3138 331
JUNE 354 49 1913 266
JULY 327 70 1425 184
AUG 292 58 1010 268
SEPT 230 60 844 96
OCT "152 • 55 667 CLOSE
NOV 137 40 598 CLOSE
DEC 125 35 . 509 CLOSE
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Figure 10 .6  Year 1 o f  F ishing Mode o f  EW*s program run ( fish in g
season on ly) - - - - ■ •
Figure 10 .6  shows th a t the f is h  and the plankton decreased during the  
fish in g  season as EW sa id  (comments 1 and 2 r e s p e c t iv e ly ) . The 
h erb iv o res , however, did  n o t d ecrease  as he sa id  (comment 3 ) , in stead  
they showed a s l ig h t  in c r e a se .”
EW w a it on to  look a t  the n ex t y e a r 's  d a ta . He once again  observe! a 
d ecrease in  the s iz e  o f  the f is h  pop u lation , and th e  h e  commented:
"In the second year, th e e f f e c t  o f  l a s t  y e a r 's  fish in g  causes  
th e balance o f  herb ivores to  in crea se  during the c lo s e  
s e a s o n .. .The herb ivores are  in creasin g  because th ere are n o t  
so  many f is h  aroundy' • : -
This i s  th e conception th a t i s  v a l id ,  th a t herb ivores in crea se  because,
presumably, th e stud ent b e lie v e s  th a t there i s  l e s s  predation  on th is
p opulation  fcy th e f is h .  EW con tin ues:
" It has an e f f e c t  on the phytoplankton .. .  .during the fish in g  
season the number i s  decreasing fa s ter  than w ith ou t fish ing-s"
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Carments 7 and 8 show a change in  conceptual b e l i e f  from th a t  
demonstrated by comments 5 and 4 r e sp e c t iv e ly . Garment 5, far 
example, in d ica ted  th at the herb ivore numbers were re la ted  to  the  
phytoplankton numbers. Comment 7 in d icated  th a t they were r e la ted  to  
the number o f  f is h . More markedly, comment 4  in d ica ted  th a t the  
plankton were b elieved  to  feed on f is h  excreta , and carment 8 im p lies  
th a t the herb ivores are a ffe c t in g -  the s iz e  o f  the phytoplankton  
pop ulation . But then h e  contin u es:
"Probably the amount o f  excretory  m atter being produced -  
b en efit in g  the herb ivores vho are taking advantage o f  th is ."
I t  i s  hard to  b e lie v e  th a t t h is  i s  a reasonab le b e l i e f  from the
observations he had made. I t  im p lies  th a t the h erb ivores are feeding
d ir e c t ly  on the excretory m atter and n o t the phytoplankton. I t  alm ost
appears as i f  the student i s  finding d i f f i c u l t y  in  b e lie v in g  th a t the
in crea se  in  herbivores i s  a r e s u l t  o f  a reduced predation  by the f is h ,
and r e so r ts  to  h i s  recen t, bu t p a s t , conceptual b e l i e f  as a  means o f
explain ing the d ata .
DW appears to  m aintain a t  l e a s t  two concepts which h e  u ses  to  exp la in  
the d a ta . One concept, a m isconception, vh ich  i s  m ost commonly 
provided in  th ese  episodes a s  the explanation  o f  h i s  o b serv a tio n s. 
The second concept seens to  be an emerging concept, and i s  more or le s s  
kept in  the background. I t  on ly  emerges in  th e way in  vhich he  
r e la te s  c er ta in  o f  the o b servation s.
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V i  l u i  i u . J . i ;
Ibllcw ing h i s  use o f  th is  mode o f  th e program, EW goes on to  p o llu te  
the pond, and demonstrated the v a l id  concepts vh ich  one would expect to  
be made:
" . . . i t  probably k i l l s  the phytoplankton f i r s t  o f  a l l  -  
cu ttin g  ou t the l ig h t  or changing the chem ical balance in  the  
w ater, and thus a ffe c t in g  _ th e  herbivore and f is h  numbers.
Once th e phytoplankton are dead, the o th ers w i l l  d ie ."
I t  i s  new ev id en t th a t h i s  understanding o f  th e in te r r e la t io n sh ip s
between the trophic le v e ls  has moved towards th e v a lid  concepts s in c e
h e has r e a lis e d  th a t the other organisms are  dependent on the
phytoplankton. Mien h e h eld  the m isconception (concept 4) a s  h i s
apparent major concept, the pood organisms were dependent on th e f is h
(e x c r e ta ) . Hence the plankton are seen  as being a ffec te d  fcy th e l ig h t
or chem ical balance in  the w ater. Throughout th e remainder o f  h is
program run, EW appeared to  m aintain v a lid  conceptions - o f  the
in te r r e la t io n sh ip  o f  the pond organism s.
An example o f  an immediate exchange o f  concepts i s ; d i f f i c u l t  to  f in d . -
Students tend to  change concepts gra d u a lly  as I  have dem onstrated, but
one such example occurred during SB's 5parogram run using- P0ND2HKTP when -
a v a lid  concept was exchanged for a m isconception .
During the ea r ly  p art o f  SB's program run, i t  was apparent th a t  h e
b e liev ed , q u ite  c o r r e c tly , th a t  th e  f is h  were proportion al to  the
9h erb ivores. During th is  run (a f te r  30 m inutes) he INPUT 50 x 10
g
phytoplankton, 25 x 10 h erb ivores and 1000 f i s h .  On the OUTPUT o f  
the data , h e  made the follow ing comments:
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"Looks as i f  the f is h  are keeping th e herbivores downSr 
N ol. . .  .H erbivores seemed to  have su ffered  a b i t .  Dropped 
alm ost to  zero  (* was z e r o ) . At th a t p o in t the f is h  
increased  in c r e d ib ly . Looks as i f  I  have run ou t o f  
h erb ivores."
(* my add ition )
Although nothing consequently surprisin g  seons to  have happened h ere, 
he se e s  the f is h  and herb ivore numbers as being r e la ted  (carment 1 ) ,  i t  
transpired frcm the post-run  in terv iew  th a t a s ig n if ic a n t  conceptual 
change had taken p la c e  a t  th is  time:
I : Did you ever r e a l ly  s o r t  o u t vh at the f is h  were feeding
on in  th is  program?
SB: Yes, I  d id . A fter I 'd  k i l l e d  o f f  a l l  the h erb ivores,
I :  So you reckon they were a c tu a lly  feeding on the
plankton?
SB: D ir e c tly .
The f e e t  th a t SB had observed the f is h  surviving ever a period  o f  time 
longer than he had probably expected (comment 2 ) ,  was s u f f i c ie n t  for a 
conceptual change (comment 3 ) .
1 0 .3 .2  Option 2: R etraction  from a C o n flic t  S itu a tio n  by the
In v a lid a tio n  o f  Perceived Events, or the primacy o f  
P re-esta b lish ed  B e l ie f s
I f  a c o n f l ic t  s itu a t io n  a r is e s  because cer ta in  perceived: even ts are
regarded according to  an e x is t in g  conceptual s tru c tu re , then one way to
r e ta in  th a t conceptual stru c tu re  ra th er  than r e j e c t  i t  i t  i s  to  say
th a t the r e s u lt s  are wrong. This i s  s im ila r  to  K e lly 's  n o tion  o f
h o s t i l i t y .  In such a s itu a t io n  th e  ob servation s made do n o t f i t  the
theory h eld  and thus th ese  ob servation s must be wrong 1 The concept
can thus be m aintained w ithout any further apparent c o n f l i c t .  This
i t  was in t  
plodding a l  
the p lan k ta
ng to  se e  „ th e carn ivores were s t i l l  
S o - they had ob viou sly  been~rfeeding on
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can lead to  d ia l e c t ic a l  carments being made.
An example o f  such a d ia le c t ic a l  statem ent i s  g iven  below:
CP, using PONDQU, decided to  f is h  the pond. He compared the data  
obtained during the f i r s t  year h e fished  the paid w ith  p rev io u sly  
obtained data and observed:
©"The herbivores s ta y  the same, the phytoplankton s ta y  the  
same. Surprising 1 I t  doesn' t  make sen sed  th e herb ivores  
should in c r e a se ?"
He had already demonstrated th a t he b e liev ed :
1 ) th a t fish in g  reduces the f is h  pop ulation , and
2 ) th a t the h erb ivores are  reduced by f is h  predation .
Both o f  th ese  concepts would lo g ic a l ly  lead to  the deduction th a t  
fish in g  should lead  to  an in crea se  in  herb ivores (carment 3 ) .  He 
d id n 't  see  such an in crea se  (comment 1 ) , and sa id  th a t th e  d ata  d id n 't  
make sense (carment 2) thus implying th a t the data was wrong.
1 0 .3 .3  Option 3: R etraction  from the C o n flic t  S itu a tio n  by 
repudiation  ( o f  Context or HypothesisT
Bather than saying in  a c o n f l i c t  s itu a t io n , a s in  1 0 .3 .2 ,. th a t
observations are in c o r re c t, or appear to  be in c o r re c t, th e  stu d en t may
say th a t the concept does n o t apply to  th is  p a r ticu la r  c o n tex t, and
th a t another r u le  must, th erefo re , apply. This i s  s im ila r  to  K e lly 's
n otion  o f  ex ten sion  o f  th e  range o f  convenience o f  a  co n str u c t to
contain  a  new elem ent. This i s  shewn diagram m atically in  the
following example:
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O U T P U T  OF  
D A T A
I N PU T
/ F I S H  >  
DECREASE  
F E B  TO  
M A R C H
R U L E  /
Q U E S T I O N E D  /
P L A N K T O N  
DECREASE  
LEADS TO  
H E R R I V O R E  
D E C R E A S E  
L E A D S  TO 
FI  SH
D E C R E A S E
RULE DOES  
N OT A P P L Y  
A T  T H I S  
T I M E
(PN: POND-2)
By saying th a t the r u le  does n o t apply, and n o t producing a new concept 
to  rep lace  i t  fear th ese  months o f  th e year (February to  March), th e  
student (PN) appears to  have been a b le  to  r e tr a c t  h im se lf  frcm the  
c o n f l i c t  s itu a t io n . When observing studen ts using CAL programs in  a 
c o n f l ic t  s itu a t io n , th ere  may be an e x p l i c i t  comment vh ich  says th a t  a 
concept does n o t app ly, or i t  may be im p lic it  in  oth er comments th a t  
are made.
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1 0 .3 .4  Option 4: R etraction  frcm the C o n flic t  S itu a tio n  by Ignoring
I t
An a lte r n a t iv e  to  previous farms o f  r e tra c tio n , and a more p o s it iv e  
farm, occurs viien, in stea d  o f  suggesting an a lte r n a t iv e  h yp o th esis, or 
saying th a t observations are  in co rrec t, the stu d en t t o t a l ly  ignores the  
c o n f l i c t  and proceeds on to  another part o f  th e  program, as in  the  
fallow ing example:
P L A N K T O N  
NCREASE
O U T P U T  OF  
D A T A
/ I N P U T  ^  
M O D E R A T E  
POLLUT I ON
P L A N K T O N
I N C R E A S EO U T P U T  OF  
D A T A
P L A N K T O N  
E A T E N  BY 
H I G H E R  
A N I M A L S
N O ^S  
HERBIVORI  
OR  
FI S H
T H E O R Y
(SA: PONDQU)
The c o n f l i c t  s itu a t io n  i s ,  o f  course, uncom fortable far the stud en t, 
and one o f  the e a s ie s t  ways o f  "resolving" i t  must be to  ignore i t  and 
g o  cxi to  another p a rt o f  a sp ect o f  the program.
-  426 -
(se c tio n  1 0 .3 .5 )
1 0 .3 .5  Carmen t s
Pickering and M a n ts . (1982) experim ents, ■ vh ich  examined ways by vhich  
freshman stu d en ts reco n ciled  d iscord ant data in  a chem istry experiment, 
are in te r e s t in g  in  th a t the s p e c if ic  s tr a te g ie s  th ey  d escr ib e  th e ir  
stud on t s  using can be ca tegorised  in  a s im ila r  way to  the op tion s I  
have described  above. The s tr a te g ie s  P ickering and Monts observed  
were s p e c i f ic  in  th a t they referred  to  th e "major th ru st o f  the  
stu d en t's  arguenent rather than any pure ' in t e l l e c t u a l  s t y le '" .  
Osborne, B e l l  and G ilb e r t 's  (1983) d e sc r ip t io n  o f  a lte r n a t iv e  
treatm ents o f  inform ation by students a ls o  shew s im i la r i t ie s  w ith  th ese  
op tion s I  have described far students using a CAL program.
When an in d iv id u a l's  b e l ie f s  are  brought in to  a c o n f l i c t  s itu a t io n  by a 
p a r ticu la r  experience, th ere appears to. be on ly  two major rou tes vhich  
he can tak e. He can e ith e r  change the nature o f  h is . concept to  
account far both th e new experience as w e ll as a l l  p rev iou s experiences  
vhich  had been explained by the replaced concept; o r , h e  must r e tr a c t  
frcm the c o n f l i c t  s itu a t io n  by saying th a t th ere  i s  an error in  the  
data , or th a t the concept i s  ir r e le v a n t  far th a t p a r tic u la r  c o n tex t, or 
by m erely refu sin g  (or lacking the m otivation) to  r e s o lv e  th e c o n f l i c t .
CAL programs should he designed so as to provide situations where, if 
misconceptions exist, a state of cognitive conflict can he initiated 
without inhibiting the intrinsic desire of the program user to 
investigate the simulation model.
(se c tio n  1 0 .3 .5 )
In th ese  s tu d ie s , a s a t is fa c to r y  method for in i t ia t in g  c o g n itiv e  
c o n f l i c t  appeared to  be by the p rev is io n  o f  cu es , in  the form o f  
q u estio n s used in  P0ND2HEIP, vhich can provide a lte r n a t iv e  concep tions. 
M u lti-ch o ice  q u estion s, such as those used in  PONDQU, vh ich  must be 
answered c o r r e c tly  b efore further use o f  th e sim u lation  model can be 
made, a re  u n sa tisfa c to ry  in  th a t they o ften  r e s u l t  in  a marked decrease  
in  experim ental types o f  c o g n it iv e  a c t iv i t y .
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Chapter 11
A Global D iscu ssion  o f  R esu lts and th e ir  Im p lication s for 
Education and Further Research
1 1 .1 . Introduction
The main purpose o f  th ese  s tu d ie s  was to  observe and d escr ib e  the  
e f f e c t  o f  th e stru ctu re  o f  CAL programs on the learn ing a c t i v i t i e s  o f  
s tu d en ts . This aim has been su c c e s s fu lly  ach ieved , but in  so  doing a 
number o f  problens, u su a lly  in  m ethodological d esig n , have a r ise n . 
Many o f  th ese  problens were tack led , but time has n o t always allow ed a 
s a t is fa c to r y  answer to  be developed.
These s tu d ie s  have a ls o  provided seme in s ig h t  in to  areas o th er than 
th a t o f  th e d esign  o f  CAL programs. They have im p lic a tio n s , for 
example, for the teaching o f  sc ie n c e  and curriculum d e /e lo p n en t.
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The t i t l e  o f  th is  d is s e r ta t io n  ("Frcm Surprise to  Cognition") was 
chosen because i t  rep resen ts n o t on ly  the events th a t occurred as I  
came to  understand the c o g n it iv e  p rocesses taking p la c e  in  the minds o f  
studen ts p a r tic ip a tin g  in  th ese  s tu d ie s , but i t  a ls o  exp la in s my 
understanding o f  th e  c o g n it iv e  p ro cesses  taking p la ce  in  minds o f  th ese  
stu d en ts. Learning, a t  l e a s t  in  th e co n tex t o f  CAL, appears to  take  
p la ce  in  an in d u ctiv e  d ir e c t io n  (page 2 4 6 ). However, according to  
modem philosophy and th eo r ie s  o f  p ercep tion , ob servation , the b a s is  
for in d u ction , i s  i t s e l f  a theory-laden  even t. This b e l i e f  has tended 
a t tr a c t  ph ilosophers towards d edu ctive  th eo r ie s  o f  s c i e n t i f i c  
methodology and ep isten o logy  u su a lly  avoiding the in c lu s io n  o f  
p erception  in  the lo g ic a l  p a r t o f  the p ro cess . However, the  
observation  o f  stud en ts in  a learning s itu a t io n  w i l l  illu m in a te  the  
im portant r o le  th a t perception  has in  in i t ia t in g  learning (page 330 ).
I  have been surprised  by th e  im portant r o le  th a t p ercep tio n , and 
e s p e c ia lly  the perception  o f  su rp risin g  ev en ts , appears to  p la y  in  the  
h e u r is t ic ,  pedagogic p ro cess . This su rprisin g  r o le  o f  p ercep tio n  in  
pedagogy led  me to  search for an e x is t in g  theory o f  abduction and thus 
to  become cogn isan t o f  P e ir c e 's  Pragmatic Theory o f  Abduction (page 
214), vh ich  in c lu d es su rprisin g  data and events a s  the s ta r tin g  p o in t  
for s c i e n t i f i c  d isco v ery . T his theory a ls o  in c lu d es d ed u ctiv e  and 
"inductive" sta g es  in  the s c i e n t i f i c  p ro cess . In th is  theory th ere  
appears to  be a marrying o f  th e variou s in d u c tiv e  and d ed u ctive  
th eo r ie s  o f  s c i e n t i f i c  d isco v ery  and concept form ation.
( s e c t io n  11.1)
The importance o f  surprising  even ts and data in  co g n itio n  i s  ev id en t in  
the word "recognition" . I f  one i s  fam iliar  w ith  something, then we 
say th a t we reco g n ise  i t .  C ognition, th erefo re , on ly  takes p la c e  when 
vhen i s  n o t  fam iliar w ith  the data or even t, in  other words, th e data  
or event i s  su rp r isin g .
Throughout th is  d is s e r ta t io n  I  have erphasised seme o f  ray fin d in g s. 
These fin d in gs n o t only  in d ica ted  a t  th e time the d ir e c t io n  in  vh ich  I  
should develop  the method by vh ich  I  could analyse conceptual learn in g , 
but they a ls o  emphasise m atters concerning the d esign  o f  CAL programs 
so  th a t they m ight promote a d esired  range o f  c o g n it iv e  a c t i v i t i e s .  
These im portant p o in ts  are brought togeth er and l i s t e d  below in  two 
d ig e s t s .
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D ig est o f  P o in ts  Concerning the Development o f  
a S u ita b le  Method o f  E valuation o f  Learning
CAL programs encourage a  varying range o f  c o g n it iv e  a c t i v i t i e s .  
In d iv id u a l stu d en ts dem onstrate a varying range o f  c o g n it iv e  
a c t i v i t i e s .
Concept maps provide a sixnmative, complex and ambiguous 
rep resen ta tio n  o f  conceptual learn in g .
Conceptual learning i s ,  to  a la rg e  ex ten t, in d iv id u a lis t ic  in  
nature and thus the method o f  eva lu ation  used should a ls o  be 
f le x ib le .
The In tera ctio n  Model a llow s a d e ta ile d  a n a ly s is  o f  learning  
ep isod es.
The In tera ctio n  Model i s  f le x ib le  in  th a t i t  can be used to  
d e sc r ib e ■= th e events involved  w ith  any learning ep isod e ( in  the  
co n tex t o f  CAL).
The In tera ctio n  Model rep resen ts  a s im ila r  sequence o f  even ts a s  
described  in  P e ir c e 's  Theory o f  Abduction and D r iv er 's  d e sc r ip t io n  
o f  learning in  ch ild ren .
(s e c t io n  11 .1)
D ig e st  o f  Recranmendations far the Design o f  
CAL Sim ulation Programs
1. Program authors should be guided by a number o f  im portant fee  tors  
vhen considering the form in  vhich  num erical data i s  to  be 
presented by a  CAL sim ulation  program:
a . th e stu d en ts for vhcm the program i s  designed ,
b . th e purpose o f  the data  -  i e .  Whether i t  i s  intended for 
num erical m anipulation or as a means o f  communicating 
inform ation,
c .  to  have a ch o ice  o f  forms o f  p resen ta tion  -  in d iv id u a ls  vary . 
in  th e ir  preferred s t y le  o f  data p resen ta tio n , a ls o  the  
perceived  g o a l o f  th e  program can in flu en ce  the' ch o ic e  o f  
s t y le  o f  p resen ta tio n .
2 . S ince CAL programs appear n o t to  enforce a h ie r a r c h ic a l  
a c q u is it io n  o f  concepts, programs should be designed so  as to  
a llow  a f le x ib le  approach to  conceptual lea rn in g . *
3. Programs should be designed so  a s  to  provide cues vh ich  can a c t  a s
a lte r n a t iv e  conceptions to  those possessed  by stu d en ts, and can 
thus promote ah in v e s t ig a t io n  o f  the sim ulation  model. - '
4 . Programs should promote a f u l l  use  o f  the sim ulation  s in c e  there  
seams to  be a d ir e c t  r e la t io n sh ip  between the amount o f  OUTPUT 
data obtained and the formation o f  v a lid  concep ts.
5 . A deep approach to  learning should be encouraged s in c e  th o se  vho 
adept th is  approach appear to  dem onstrate a larger number o f  
"surprising"* observations and in v e s t ig a t iv e  a c t i v i t i e s  o f  the  
sim ulation  model.
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The d isc u ss io n s  in  th is  • f in a l  chapter o f  my d is s e r ta t io n , w i l l  be 
d iv id ed  in to  four areas:
( i )  The eva lu ation  o f  learn in g ,
( i i )  Seme e f f e c t s  o f  program stru ctu re  on learn in g ,
( i i i )  CAL as a means o f  sc ie n c e  education ,
( iv )  Im p lication s o f  the research  for curriculum  development.
11 .2  The E valuation o f  Learning
Published work (fo r  example, L aurillard , 1978a; Kemmis, 1977a and
1977b; MacDonald, 1977) on the learning a c t i v i t i e s  o f  stu d en ts using
CAL programs have bean m ainly concerned w ith  the q u a lita t iv e  nature o f
the Student-CAL In tera ctio n , o fte n  in  an attem pt to  provide a "helpful"
packag e . la u r il la r d  (1981)... s a id . o f  the methodology commonly: used in  . . I
p ro to co l a n a ly s is :
"By r e la t in g  the stud en ts' conversations to  th e concurrent * 
sta g e  o f  th e package, i t  i s  sometimes p o s s ib le  to  determ ine  
th e fea tu res o f  a package th a t p a r t ic u la r ly  h e lp  or hinder  
th e stud a it s ."
These s tu d ie s  have n o t been d ir e c t ly  concerned w ith  the improvement o f  
a p a r ticu la r  package, but have attempted to  determ ine same o f  the  
fea tu res o f  a sim ulation  program th at w i l l  encourage ‘or d iscou rage  
c er ta in  learning a c t i v i t i e s .  They have been concerned, th ere fo re , 
w ith  examining the dynamic p rocess o f  lea rn in g .
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Learning i s  a dynamic p ro cess . A body o f  knowledge grows w ith  time 
and i t  a ls o  changes i t s  nature w ith  time in  th a t i t  may became r e la te d  
to  p rev io u sly  unrelated b od ies o f  knowledge. Kanmis (1977b) d escr ib es  
a "data-matrix" model vh ich  reco g n ises  th is  dynamic nature o f  the  
learning p ro cess . The a n a ly s is  o f  the d ata  m atrix i s  one o f  p a ttern  
reco g n itio n , and "the coherences between the a c tio n  and d isco u rse  w i l l  
begin to  r ev e a l c o g n itiv e  stru ctu res."  [page 285].
In my s tu d ie s , a n e c e s s ity  became apparent for a  method o f  p ro to co l 
a n a ly s is  th a t showed n o t o i l y  the dynamic nature o f  the learning  
p rocess but a ls o  the e f f e c t  o f  such fa c to rs  such as  p rev io u sly  acquired  
knowledge (page 196).
The p i l o t  s tu d ie s  used a q u a lita t iv e  form o f  a n a ly s is  vh ich  showed the  
d if fe r e n c e s  between v a r iou s learning m ilieu  (CAL programs, tu to r ia ls ,  
laboratory p r a c t ic a ls )  in  terms o f  the kind and frequency o f  c o g n it iv e  
a c t iv i t y  exhibited' by the ! s tu d en ts ."■>•' T h is : - form o f  a n a ly s is  shows .th e  
f in a l  e f f e c t  o f  program stru ctu re  on lea rn in g . I t  shows th a t program 
s tru ctu re  does a f f e c t  lea rn in g . I t  shews th a t  in d iv id u a l stud a i t s  
e x h ib it  marked d if fe r e n c e  in  learning b d iav iou r . B u t . i t  does n o t  show
how or why th ese  e f f e c t s  occur (page 127 ).
The methods subsequently developed evolved from "concept maps" to  show 
the developing r e la t io n sh ip s  between v a r iou s con cep ts, to  the  
" Interaction  Model" vh ich  i s  used here as the main method o f  p ro to co l  
a n a ly s is .
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The use o f  concept maps shows the in d iv id u a l nature o f  conceptual 
stru ctu res  as w e ll as the s im i la r i t ie s  in  conceptual de/elopm ent. 
I n i t i a l l y  th e concept maps represented  a summary o f  the concepts 
acquired during a program run and the ways in  which they had been shown 
to  be in te r r e la te d . These i n i t i a l  concept maps were designed from my 
s p e c i f ic  id ea s  as to  the concepts th a t  a stu d en t should acquire by  
using the POND programs. In a number o f  ways, th ese  exp ectation s  
lim ited  th e k in d «o f r e s u l t s  i h a t  could be obta ined .
By lim itin g  mrry perception  o f  the r e s u l t  o f  lea rn in g , fo r  example, to  
th ose v a lid  concepts th a t I  expected to  be acquired meant th a t a 
s ig n if ic a n t  p a rt o f  the learning p ro cess , a lte r n a t iv e  and in v a lid  
concep tions, are em itted . The in c lu s io n  o f  a l l  concepts farmed, the  
observation s leading to  th ese  concepts and the INPUT a ctio n s  producing 
OUTPUT d ata  frcm which observations can be made r e su lted  in  concept 
maps having a more dynamic nature. However, the degree o f  com plexity  
o fte n  shown by th ese  maps, leads, to  d i f f i c u l t i e s  in  th e ir ' in ter p r e ta tio h  
(page 2 5 4 ). - More seriously>  the s tru ctu re  o f  th ese  maps can lead to
a r t i f i c i a l  r e la t io n sh ip s  being formed. This am biguity, the r e s u l t  o f  
combining a s e r ie s  o f  learning ep iso d es, has been observed elsew here  
(Gravina, 1981).
The In tera ctio n  Model was developed as a r e s u l t  o f  the r e a l is a t io n  th a t  
the common fee  tor between episodes o f  a program run was a p a ttern  o f  
even ts c o n s istin g  o f:
ACTION----------—► OBSERVATION--------------- CONCEPTION
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T his i s  s im ila r  to  Kermis' n o tio n  o f  learning even ts represented by the  
phrase "action  and discourse" in  the data m atrix model (Kemmis, 1977b 
[page 2 8 4 ]) . In the In tera ctio n  Model (page 282) I  have d ivided  
"discourse" in to  two -. separate . types o f  a c t iv i t y  "observation" and 
"conception". I  a ls o  reco g n ise  in  the d esign  o f  th e  In tera ctio n  Model 
th a t v a r io u s in t r in s ic  and e x tr in s ic  fee  to rs  can in flu e n c e  lea rn in g .
The In tera ctio n  Model i s  used to  produce ch ro n o lo g ica l, ep iso d ic  
rep resen ta tio n s o f  the learning p rocesses demonstrated fcy students 
using a CAL program. Research o f  th is  hind i s ,  o f  course, extrem ely  
dependent on in d iv id u a l stud en ts revea lin g  a l l  th a t they s e e  and th ink, 
an extrem ely u n lik e ly  occurrence! Much work in  th e  p a s t  on learning  
using computers has depended on a t  le a s t 'tw o  people, working together a t  
a term inal. ' L aurillard (1981), for  example, has sa id  o f  two students  
working together in  th is  way:
"One major advantage o f . .working t o g e t h e r . . i s  th a t they ta lk  
togeth er about the d i f f i c u l t i e s  they have, and th is  can 
provide extrem ely va lu ab le  in fo rm a tio n .."
However, I  was in tere sted  in  describ ing how GAL programs promote
lea rn in g , and t h is ,  I  b e lie v e , n e c e s s ita te s  studying in d iv id u a ls  rather
than sm all groups o f  stu d en ts.
(se c tio n  11 .2)
I t  should be recognised th a t when evaluating any form o f  learning th a t  
the a n a ly s is  . can . on ly  be carr ied  o u t -u s in g  a lim ited  amount o f  
ev idence. Stim ulated r e c a l l  techn iques, in terview ing very  soon a fte r  
the learning experience and asking th e studen t to  comment on the  
a n a ly s is  can a l l  a id  the development o f  accu rate co n c lu sio n s. I  on ly  
used th e f i r s t  two o f  th ese  a id s  in  a l l  o f  the c a se -s tu d ie s  to  obta in  
as much evidence in  ad d ition ' to" th a t obtained'r’during^.the program run. ; . « 
The f in a l  a n a ly s is  o f  p ro to co ls  using the In tera ctio n  Model was, in  
many c a se s , carried  ou t a fte r  the stu d en ts had l e f t  th e C o llege . This 
meant th a t to  d iscu ss  my in te r p r e ta tio n , th a t i s ,  th e  diagrammatic 
rep resen ta tio n , o f  a s tu d en t's  program run was u su a lly  ou t o f  th e  
q u estion .
Once each stu d en t's  program run h as been analysed in  d e t a i l  and 
i l lu s t r a t e d  diagrammatically^ i t  i s  p o s s ib le  to  return to  the id eas used ‘ 
t y  previous workers in  th e ir  c ju a lita tiv e  p ro to co l a n a ly s is . In my 
p i l o t  s tu d ie s  I  prcxduced a h ie r a r c h ic a l " typology, o f  , c o g n it iv e  • 
a c t i v i t i e s  which I  b e liev ed  to  be r e le v a n t for p ro to co l a n a ly s is . I  
have been a b le  to  i l lu s t r a t e  what I  b e lie v e  each o f  th ese  c o g n it iv e  
a c t i v i t i e s  would c x n s is t  o f  in  terms o f  the In tera c tio n  Model (pages 
288-306). Each co g n itiv e  a c t iv i t y  e n ta ilin g  a ty p ic a l arrangement o f  
even ts representing  th is  p a r ticu la r  learning exp erience.
The s e r ie s  o f  diagrams representing  a s tu d en t's  program run are further  
analysed to  show a q u a n tita tiv e  estim ation  ("estim ation" because I  
cannot ensure th a t a l l  ob servation s and conceptions made t y  an 
in d iv id u a l are divulged during th e program run or the post-run  
in terv iew ) o f  the a c t iv i t i e s  demonstrated t y  each person . With a
-  438 -
q u a n tita tiv e  estim ation  i t  i s  new p o ss ib le  to  co rr e la te  c er ta in  
c o g n itiv e  a c t iv i t i e s  and s e e  how th ese  co rr e la tio n s  are a ffec te d  by 
program stru ctu re  (pages 313-337).
S t a t i s t i c s  have n o t been used in  th ese  s tu d ies  a s  a s t r i c t  means o f  
p ro o f or oth erw ise. I have used s t a t i s t i c s  m ainly as an in d ic a tio n  o f  
p r o b a b ility . The r e s u lt s  o f  s t a t i s t i c a l  t e s t s  have been u su a lly  used 
to  su b sta n tia te  my a n a ly s is  o f  the a v a ila b le  d ata , or as a means o f  
in d ica tin g  to  me an area where I  should look bo .see whether a 
r e la t io n sh ip  between c e r ta in  c o g n it iv e  a c t i v i t i e s ,  for example, appear 
to  e x i s t  and whether I  can a tta ch  meaning to  th a t apparent 
r e la t io n sh ip .
Pt i s  thus p o s s ib le  to  an a lyse  p ro to co ls  both q u a lita t iv e ly  and 
q u a n tita tiv e ly , the r e s u lt s  o f  which can be used in  d if f e r e n t  ways. 
Q u a lita tiv e  r e s u lt s  can be used , for example, to  id e n t ify  an 
in e f f e c t iv e  program or p a r t o f  a program. However, to  id e n t i f y  how 
program stru ctu re  can a f f e c t  learn ing req u ires a dynamic, and, a t  l e a s t  
in  p a rt, a q u a n tita tiv e  approach. These s tu d ie s  have moved towards 
th is  approach fron the q u a lita t iv e  one I  adopted ea r ly  in  my s tu d ie s  
based on the work o f  o th ers .
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11 .3  Sane E ffe c ts  o f  Program Structure o n  Learning
Ercm ny ea r ly  p i l o t  s tu d ie s  i t  was ev id en t th a t:
( i )  d i f f e r e n t  CAL programs encourage a d if fe r e n t  range and 
proportion o f  c o g n itiv e  a c t i v i t i e s ,  and
( i i )  in d iv id u a ls  shew d if f e r e n t  types o f  c o g n itiv e  a c t iv i t y .
Ia u r illa r d  (1978a) has sa id  th a t l i t t l e  i s  known o f  th e e f f e c t  o f
program stru ctu re  has on le a rn in g . Of the e f f e c t  o f  program stru c tu re
on learn in g , Kemmis (1977b) has sa id :
"Ihe a n a ly s is  o f  student-CAL in ter a c tio n  in  terms o f  
f-s tr u c tu re s  [fu n c tio n a l stru c tu res]*  and d -stru c tu res  
[dynamic s tru ctu res]*  su ggests  th a t learning m ilieu  always 
e x er t an in flu en ce  on what i s  learned ( ty  a ffe c t in g  how i t  i s  
learned)" (page 406)
([  ]* ny add ition )
Much o f  the e f f e c t  o f  program stru ctu re  can be a scer ta in ed  t y  
id en tify in g  the c o g n it iv e  a c t i v i t i e s  demonstrated t y  stu d en ts during 
th e ir  use o f .  CAL programs, t y  ^determining/ whether any c o r r e la t io n s  
appear to  e x i s t  between th ese  a c t i v i t i e s ,  and f in a l ly  t y  determ ining  
the id e n t ity  o f  the concepts acquired and the order in  which they are  
acquired.
For th ese  s tu d ie s  three POND programs (PONDQU, PONDGAME and POND2HELP) 
were w ritten  based on a program (POND-2) obtained from a commercial 
publisher but m odified t y  m y se lf  so  a s  to  g iv e  a s u ita b le  VDU 
p resen ta tion  and a hardcopy p r in to u t o f  the d a ta . A ll  four POND 
programs are thus based on the same sim ulation  model, but v a ry , for  
example, in  th e way a d d itio n a l and supportive inform ation i s  su p p lied  
to  the program user (as in  PONDQU and POND2HELP) or vary in  th e  way th e  
sim ulation i s  presented (POND-2 being a' "normal" in v e s t ig a t iv e  CAL
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program and PONDGAME a game v ers io n  re ly in g  on the person 's in s t in c t  to  
win as a means o f  encouraging the development o f  the appropriate  
conceptual s tr u c tu r e ) . By designing and-w riting a . "suite" o f  s im ila r  
programs based on a commercial program I  thought th a t I  would be b e tter  
placed to  compare th e  e f f e c t  o f  program stru ctu re  than by using a 
number o f  d if f e r e n t  commercial programs having d if fe r e n t  s tru c tu res  but 
a ls o  probably a ls o  using d if f e r e n t  sim ulation  m odels.
In designing and w ritin g  ny own programs I  was compelled to  d evote  seme 
considerab le  time n o t  o n ly  in  those a c t i v i t i e s ,  but a ls o  to  ensure th a t  
the m odified programs ran s a t i s  fee tor i l y .  However, because o f  the
denands o f  time and w ith  an in s u f f ic ie n t  number o f  a v a ila b le  s tu d en ts, 
the kind o f  program te s t in g  th a t m ight be carried  ou t for a normal CAL 
program had to  be em itted . In r e tro sp e c t , now th a t th e  programs have 
been used, minor m o d ifica tio n s should have been made. . I  f e e l ,  
however, th a t in  n o t te s t in g  and not making th ese  m o d ifica tio n s  I  have  
n o t a ffec te d  th e nature o f  th ese  s tu d ie s  in  any ser io u s way. .
Much o f  the e f f e c t  o f  program stru ctu re  on learning was i l lu s t r a t e d  t y  
the scen arios (pages 331-337) o f  how variou s types o f  stu d en t m ight 
behave when using a POND program and on the forms o f  concept learning  
encouraged ty  each o f  th e programs (s e e  fig u re  1 1 .1 ) .
(se c t io n  11 .3 )
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Figure 11.1 The proportion o f  farms o f  concept learn ing  
a c t iv i t i e s  encouraged ty  the POND programs
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In g en era l, studen ts vho use any CAL program must be fam iliar  w ith  th e  
form o f  d ata  p resen ta tion  whether i t  be in  th e form o f  diagrams, 
ta b le s , graphs e t c .  W ithout th is  i n i t i a l  a b i l i t y  to  tr a n s la te  the  
data presented to  them, g r e a t  d i f f i c u l t y  w i l l  be encountered in  
understanding the sim ulation  model. Such d i f f i c u l t y  was o ften  
i n i t i a l l y  encountered (page 181) t y  those who used  the lcfoMtresolution 
graphs in  P0NEK2, PONDQCJ and PONDGAME. However, the graphs can a ls o  
only  be c o r r e c t ly  in terp reted  i f  th e students have the a b i l i t y  to  do  
so . A con sid erab le  number o f  th e students using the POND programs 
fo ile d  to  reco g n ise  the sca lin g  fee  tors for the y -a x es  o f  th e  graphs 
and even on the ta b les  1 I t  i s  h ere  th a t the s e n s ib le  use o f  colour to  
h ig h lig h t  s p e c if ic  im portant p o in ts  could be extrem ely u s e fu l .
The preconceptions th a t a stud en t has o f  th e  s im u lation  model are  
important in  a ffe c tin g  what i s  le a rn t. S u rp r is in g ly , having 
p rev io u sly  acquired a good understanding o f  th e concepts the CAL 
program i s  designed to  "teach", can in h ib it  experim entation, w ith  the  
model (page 333 ). This brings in to  question  the o fte n  s ta te d  purpose 
o f  CAL sim u lation s "to enrich  a s tu d en t's  understanding o f  a to p ic  
taught in  another learn ing m ilieu " .
-  443 -
In th ese  s tu d ie s  the stu d en ts were working a lcn e  and received  no 
encouragorient to  use the programs. A ll  they were in stru c ted  to  do was 
to  u se  the program u n t i l  they f e l t  th at they had le a rn t a l l  th a t they  
could from i t .  There were no other sta ted  o b je c tiv e s  as might be 
provided, for example, t y  a teacher vho expects the program to  be used 
for a  p a r ticu la r  purpose. On the other hand, CAL programs such as  
th ese  POND programs m ight be used for independent learn ing vhere i t  i s  
n ecessary  for i t  to  stim u la te  i t s  user, to  m aintain a s u ita b le  le v e l  o f  
in t r in s ic  m otivation  in  th a t person so  th a t th e sim ulation  model i s  
s a t i s f a c t o r i ly  in v e s tig a te d . The more observations made, the more the  
l ik e ly  i t  i s  th a t the stu d en t w i l l  come to  understand the model.
PONDGAME proved to  be ex tra n e ly  su c ce ssfu l a t  m aintaining in t e r e s t  in  
using the program even though th e  student had a fe e lin g  o f  fru stra tio n  
because they could not make a continued p r o f i t .  A m o d ifica tio n  o f  
PONDGAME m ight a llow  th e f is h  farm to  make a continued p r o f i t ,  th a t i s ,  
a llo w  th e  pond to  m aintain an equilibrium  even though f is h  are  removed 
from i t .
PONDGAME d is tr a c te d  the stu d en ts from the o b je c t iv e  I gave to  them for 
using i t ,  th a t i s  to  learn  about pond eco logy . They preferred  to  try  
to  make a p r o f it !  Because they have th is  overrid ing aim to  make a 
p r o f i t ,  they r e fu se  to  p o llu te  th e ir  pond e s p e c ia l ly  w ith  h igh  le v e ls  
o f  p o llu ta n t . A redesigned POND game m ight p o llu te  th e pond a t  any o f  
the th ree p o s s ib le  le v e ls  a t  randomly determined tim es. This would 
remove th e r e s p o n s ib il ity  to  study the e f f e c t  o f  p o llu t io n  on the pond 
ecosysten  from the stud en t to  th e program d es ig n er .
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Those stu d en ts who have l i t t l e  or no knowledge o f  th e concepts the CAL 
programs are  designed to  "teach" appear to  b e n e f it  the most fircm using 
then, probably because they experim ent w ith  the sim ulation , t e s t  
hypotheses e t c .  This means th a t they make observations o f  the  
behaviour o f  the model and came to  understand many o f  the r e la t io n sh ip s  
th a t e x i s t .
In attem pting to  provide a s s is ta n c e  to  stu d en ts to  understand a 
sim u lation  model, care must be taken as to  how i t  i s  per formed 
otherw ise the very  a c t  o f  providing a s s is ta n c e  w i l l  in h ib it  learning  
(page 3 3 5 ).
This in h ib it io n  o f  learning i s  shown very  w e ll t y  th ose  studen ts who 
used PONDQU. Compared to  the other POND programs, PONDQU encourages 
r e la t iv e ly  few concepts. In requiring answers to  be g iv en  to  
q u estion s concerning the food pyramid concept, and thus "ensuring" th a t  
c e r ta in , r e le v a n t concepts are acquired before -progression , to  other  
p a rts  o f  th e program, stud a i t s  appear to  f e e l  th a t they understand the  
program. "Spoonfeeding" concepts appears, however, to  in h ib it  
in v e s t ig a t io n  and experim entation. To be p a s s iv e ly  "indoctrinated"  
does n o t su c c e s s fu lly  lead to  m eaningful learn in g .
(se c t io n  11.3)
P0ND2HELP, on the other hand, employed an a lte r n a t iv e  s tra teg y . 
Q uestions were answered by the users o f  the program, but the program 
user was g iv en  no in d ica tio n  whether th e ir  answers were r ig h t  or wrong. 
In a d d itio n  to  determining the nature o f  the h e lp  th a t  should be 
provided to  the program u ser, vhen so  requested , th ese  q u estion s appear 
to  p r a /id e  a lte r n a tiv e  conceptions and hypotheses to  the person. 
These a lte r n a t iv e  conceptions and hypotheses appear in  seme ca ses  to  be 
in v e s tig a te d  ty  the stu d en ts, and can thus promote an understanding o f  
the model (pages 334-335).
Students p a r tic ip a tin g  in  th ese  s tu d ie s  in freq u en tly  used the h e lp  
a v a ila b le  in  P0ND2HELP. However, those vho use i t  can find th a t i t  
can encourage them to  look d if f e r e n t ly  a t  the a v a ila b le  data (have an 
a lte r n a t iv e  " ep isten ic  tube"). In th is  way, th ere may be a change in  
conceptual b e l i e f .
The arguement th a t meaningful learning can on ly  occur i f  concepts are  
presented according to  a p a r ticu la r  h ierarch y  appears, form th ese  
s tu d ie s , to  be in co rrec t. There i s  evidence th a t i t  i s  n ecessary  to  
ensure th e  ea r ly , i n i t i a l  a c q u is it io n  o f  c er ta in  concepts e s s e n t ia l  for 
in terp retin g  a s im u lation . However, th er e a fte r , i t  appears th a t  
studen ts w i l l  acquire concepts in  a v a r ie ty  o f  ord ers, r e la t in g  them to  
one another in  th e ir  own personal manner.
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Previous workers in  th is  f ie ld  such as Shavelson (1972), Preece (1976), 
Baird and White (1982) and West, Fensham and Garrard (1982) have been 
ab le  to  produce c o g n itiv e  maps which have seem ingly shown the  
h ie r a rc h ica l development o f  v a r io u s areas o f  knowledge. I t  i s  
extrem ely d i f f i c u l t  to  produce any c o g n it iv e  map which accu rately  
i l lu s t r a t e s  the stru ctu re  o f  an in d iv id u a l's  conceptual knowledge. 
West, Fensham and Garrard reco g n ise  th a t the method whereby an 
in d iv id u a l, for example, r a te s  the degree o f  r e la t io n sh ip  between 
provided statem ents can a c tu a lly  lead to  a learning s itu a t io n  and thus 
the crea tio n  o f  a somewhat d if f e r e n t  conceptual stru ctu re  from th a t  
which would have otherw ise e x is te d .
Shavelson (1972) and R.T.White (1974) have reported th a t th e p rov ision  - 
o f  h ig h ly  structured  in s tr u c t io n a l m ater ia l r e s u lt s  in  students  
acquiring a conceptual stru ctu re  s im ila r  to  th a t o f  th e  learning  
m a ter ia l. I  found i t  very  d i f f i c u l t  to  find any marked e f f e c t  on an 
in d iv id u a l's  conceptual stru ctu re  r e su lt in g  from the e f f e c t  o f  
presenting concepts according to  a p a r ticu la r  h ierarchy (page 272 ).
Undoubtedly, th e h ie r a r c h ic a l p resen ta tio n  o f  learning m a ter ia l does 
aid  lea rn in g . By showing the r e la t io n sh ip s  th a t e x i s t  between c er ta in  
th e o r e t ic a l id ea s  or p h y sica l law s, for example, can encourage a 
student to  develop  th e ir  id eas and r e la t io n sh ip s  between them in  a 
sim ila r  way. However, regard must be taken o f  those unpredicted id eas  
th a t are acquired which an expert would n o t accep t as being v a l id .
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The use o f  the In tera ctio n  Model has been r e s tr ic te d  in  th ese  s tu d ies  
to  analysing the co g n itiv e  events accompanying the use o f  a sm all group 
o f  scmevhat s im ila r  sim ulation  programs. T u toria l programs are  
u su a lly  based on a d id a c t ic  approach to  learning in  th a t they attem pt 
to  convey a cer ta in  body o f  knowledge. An in v e s t ig a t io n  o f  tu to r ia l  
programs and o f  the many other forms o f  sim ulation  program using the  
In teraction  Model to  analyse  the c o g n it iv e  events w a ll probably r e s u lt  
in  a more d e ta ile d  understanding o f  how CAL and CAI work. Thus, we 
may learning how they m ight be designed so  as to  a llo w  a f le x ib le  
approach to  learn in g , an approach which a ls o  in c lu d es the reco g n itio n  
o f  the importance o f  a lte r n a t iv e  conceptions in  the development o f  
in d iv id u a l conceptual s tru c tu res . P resent attem pts in  designing  
programs which make use o f  "expert-systerns", although a development in  
the r ig h t  d ir e c t io n , do n o t a llo w , a t  p resen t, the degree o f  
f l e x i b i l i t y  th a t I b e lie v e  should be b u i l t  in to  the programs.
The p resen ta tion  o f  h ig h ly  structured  learning m a ter ia l (a s , far 
example w ith  PONDQU) need n o t r e s u l t  in  "meaningful learn ing" , th a t i s ,  
the a ss im ila tio n  o f  a body o f  knowledge which i s  r e la te d  to  p rev io u sly  
acquired knowledge. A body o f  knowledge may be acquired through such 
learning m a ter ia l, the person may have le a r n t by r o te  the r e la t io n sh ip s  
th a t are provided between the variou s concepts w ith in  th a t body o f  
knowledge. However, i t  i s  on ly  when those r e la t io n sh ip s  can be 
p erson a lly  generated w i l l  th a t knowledge have personal meaning. Thus, 
meaningful learning may be f a c i l i t a t e d  t y  the p resen ta tio n  o f  l e s s  
h ig h ly  structured learning m ateria l a s , for example, w ith  PONDGAME.
(se c t io n  11.4)
1 1 .4  GAL Sim ulation programs as a Form o f  Science Education
The purpose o f  sc ien ce  teaching can be regarded as the furnishing o f  
students w ith  the knowledge they req u ire  for p r o fe ss io n a l p r a c tic e  
(Kuhn, 1970). " S c ie n t if ic  Knowledge" for p r o fe ss io n a l p r a c tic e  should  
be regarded as being composed o f  th ree p a rts:
a) conceptual knowledge -  th e cum ulative knowledge o f  the  
s c i e n t i f i c  community regarded as being "true" t y  th a t  
community;
b) the laboratory s k i l l s  n ecessary  to  p r a c t is e  sc ien ce;
c) knowledge o f  how s c i e n t i f i c  d isc o v e r ie s  can and should be 
made.
For most sc ie n c e  stu d en ts, th e ir  academic s tu d ies  c o n s is t  o f  acquiring  
conceptual knowledge and the appropriate te ch n ica l s k i l l s .  L i t t l e  
emphasis i s  p laced on experim ental d es ig n , problem -solving and th e  
o v e r a ll process o f  sc ie n c e  as p ra cticed  ty  the p r o fe ss io n a l community.
GAL sim ulation  programs are sa id  to  be u se fu l for enriching a s tu d e n t's  
understanding o f  a p a r ticu la r  to p ic  area . They can be used as a means 
o f  encouraging experim entation and problem -solving in  a s itu a t io n  where 
i t  i s  n ot necessary  to  p r a c t is e  p r a c t ic a l s k i l l s .  Two im portant 
q u estion s must th erefore  be posed:
i )  Do CAL sim ulations promote learning?
i i )  Do CAL sim ulations promote s c i e n t i f i c  a c t iv ity ?
(sec tio n  11.4)
The f i r s t  o f  th ese  q u estio n s has been answered and reported many tim es 
before  t y  other workers. In th ese  s tu d ie s , I found th at there was an 
in crea se  in  knowledge demonstrated t y  many o f  the students about the  
concept "food pyramid". These CAL programs do thus promote learn in g , 
seme more e f f e c t iv e ly  than oth ers as I have p rev io u sly  d iscu ssed .
These s tu d ie s  have a ls o  shown th a t conceptual learning and methods o f  
s c i e n t i f i c  d iscovery  and explanation are very  c lo s e ly  r e la te d .  
" S c ien tific"  forms o f  a c t iv i t y  appear to  be a su b set o f  c o g n it iv e  
a c t iv i t y .  S c ie n t i f ic  a c t iv i t y ,  however, demands more rigour on the  
p a rt o f  the in d iv id u a l than i s  u su a lly  used in  learning e ith e r  in  the  
classroom  or in  the "real world".
Experimentation and h y p o th e s is - te s tin g  forms o f  c o g n it iv e  a c t iv i t y  are  
encouraged ty :
(1) having CAL programs structured  as games w ith  an e x p l ic i t  g o a l,
(2) t y  allow ing in d iv id u a ls  to  use CAL sim ulation s on ly  when they have  
the necessary  conceptual base from which they can develop  they  
understanding o f  the sim ulation  model rather than having a " fu lly  
developed" conceptual stru c tu re  before  they come to  use the program,
(3) t y  providing a lte r n a t iv e  hypotheses (conception s) whenever 
n ecessary  during a program run so  as to  i n i t i a t e  seme c o g n it iv e  
c o n f l i c t  and the subsequent te s t in g  o f  hypotheses (th e se  were provided  
in  P0ND2HELP ty  the q u estion s which were asked whenever the stu d en ts  
wanted to  change the mode o f  the program th a t they were u s in g ) .
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The stud en ts p a r tic ip a tin g  in  th ese  s tu d ie s  exh ib ited  forms o f  
c o g n it iv e  a c t iv i t y  which, a t  l e a s t  in  part, resanbled P e ir c e 's  notion  
o f  s c i e n t i f i c  methodology (page 214). There was a ls o  c lo s e  agreenent 
between my d escr ip tio n  o f  the ev en ts , as w e ll a s the reco g n itio n  o f  the  
importance o f  surprising  ev en ts , leading to  conceptual learning and 
those o f  Driver (pages 403-407). I  a ls o  r e la te d  " sc ie n tif ic "  forms o f  
a c t iv i t y  w ith the learning approach adopted t y  the students when using  
the CAL programs. As one would exp ect, a "deep" learning approach was 
p o s it iv e ly  correla ted  to  " s c ie n t if ic "  forms o f  c o g n itiv e  a c t iv i t y  (page 
4 1 4 ).
The sequence o f  c o g n itiv e  events (th o se  which in c lu d e  the perception  o f  
surprisin g  even ts, w ith  the crea tio n  o f  reasonable hyp otheses, w ith  
deduction and w ith induction) th a t leads to  co g n itio n  may be d if f e r e n t  
depending on the le v e l  o f  "expertise" reached t y  the in d iv id u a l. "Lay 
sc ien ce" , " ch ild ren 's sc ien ce" , " s c ie n t is t ' s  science" should e x h ib it  
d if f e r e n t  sequences o f  c o g n it iv e  events b esid es  ex h ib itin g  the  
c h a r a c te r is t ic s  other workers have a ttr ib u ted  to  then. I t  would be 
in te r e s t in g  to  examine th ese  d if f e r e n t  areas o f  e x p e r tise  to  determ ine  
whether they can be represented  t y  c h a r a c te r is t ic  p a ttern s o f  ev en ts . 
CAL programs might ev en tu a lly  be capable o f  fa c i l i t a t in g  th e u se o f  a 
"high le v e l  o f  expertise"  i f  th ese  c h a r a c te r is t ic  sequences can be 
recogn ised .
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11 .5  Im plicaticn s o f  th ese  s tu d ie s  for the sc ie n c e  curriculum
These s tu d ies  have depended on the c lo s e  examination o f  the use o f  CAL 
programs. My in t e r e s t  has been in  determining what happens to  the  
in d iv id u a l as s /h e  in te r a c ts  w ith the learning m a ter ia l, and hew 
variou s fee tors a f f e c t  th is  in te r a c t io n . This process i s  a ls o  an 
important p art o f  curriculum  development (Berman and Roderick, 1973).
I  have tr ied  to  exp la in  th e learning p rocess, in  the co n tex t o f  CAL, 
and the fa c to rs  th a t a f f e c t  the process m ainly ty  the use o f  my 
In tera ctio n  Model.
A comparison o f  figu re  11 .2a  (CAL according to  my In tera ctio n  Model) 
and figu re  11.2b  (a condensed form o f  E h tw is tle 's  model o f  the fa c to rs  
a ffe c tin g  learning [E h tw istle , 1981]) shows th a t the two models have a 
number o f  s im ila r i t ie s  although E h tv d stle 's  model i s  concerned w ith  
learning in  a wdder co n tex t. E h tw is tle 's  n otion  o f  the "process" o f  
learning i s  shown in  my In tera ctio n  Model by th e p rocesses o f  
perception  (re su ltin g  in  observation  statem ents) and conception  
(re su ltin g  in  conceptual s ta tem en ts).
Student c h a r a c te r is t ic s  shown in  the In tera ctio n  Model a re  fer l e s s  
wide ranging on ly  including fee  tors such as previous knowledge and 
preferred s tr a te g ic  s t y le ,  the la t t e r  encompassing ex p ecta tion s as to  
what i s  to  be learned . I have n o t stud ied  any other fa c to rs  
concerning the student because' to  do so  would have com plicated th e  
research and, indeed, i t  would have required the d evotion  o f  to o  much 
tim e.
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Figure 11 .2  Entwis t i e ' s  Model o f  Learning (1981) and my
In tera ctio n  Model o f  the Student-CAL In tera ctio n
-  453 -
M
O
D
IF
IC
A
TI
O
N
 
OF
 
EN
TW
lS
T 
LE
* 
S 
M
O
D
EL
 
OF
 
LE
A
R
N
IN
G
 
[1
96
1]
(se c t io n  11.5)
Both o f  th ese  models o f  learning show the stud ent to  be the cen tre  o f  
learning in  th a t i t  i s  they who determ ine the nature o f  the learning  
task , th e s tr a teg y  to  ob ta in  re lev a n t inform ation and how th is  
inform ation i s  stared in  r e la t io n  to  other inform ation in  manory. 
Such n o tio n s o f  learning belong to  the " con structive a ltern a tiv isn "  
school o f  thought.
These s tu d ie s  have c le a r ly  shown th a t everyone experiences d if fe r e n t  
events even when using the same CAL program. Not on ly  are learning  
experiences d if fe r e n t , but learn ing outcomes are a ls o  d if f e r e n t  in  th a t  
a d if f e r e n t  s e t  o f  concepts- a re  acquired. S im ilar concepts are  
u su a lly  acquired in  an order th a t i s  la r g e ly  in d iv id u a l is t ic .
Learning i s  in d iv id u a lis t ic ,  or p erson al, because o f  th e in flu en ce  o f  
various in t r in s ic  factors such a s  previous knowledge, person al learning  
s tr a te g ie s  e t c .  P ia getian s a ls o  b e lie v e  th a t the m ental stru c tu re , 
the c o g n it iv e  sta g e  the c h ild  has reached, i s  an im portant fee  tor which 
l im its  th a t  which can be le a r n t.
P ia g et (1969) see s  the main purpose o f  education to  "form the
in t e l l ig e n c e  rather than to  s to ck  the manory" (page 5 0 ) . T rad ition a l
forms o f  education are concerned w ith the la t t e r  rather than the
former. P ia g e t (ib id ) regards the development o f  the mind as being
important and thus makes the fo llow ing recommendations:
"Our sch ools owe i t  to  them selves to  develop  and 
d i r e c t . . .p rep o s itio n a l and h yp oth etico -d ed u ctive  op eration s  
in  order to  use than in  th e developnent o f  the experim ental 
a tt itu d e  o f  mind and o f  th e  methods o f  teaching the p h y sic a l 
sc ie n c e s  th a t w i l l  anphasise the importance o f  research  and 
d isco v ery  rather than re ly in g  on mere r e p e t it io n ."
(page 52)
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P ia g et reco g n ises  th a t the a p p lica tio n  o f  h i s  view s o f  epistem ology to  
sc ie n c e  education ty  o th ers (for  example, Shayer and Adey [1981]) has 
resu lted  in  attem pts "to p resen t the su b jec t-m a tter . . in  forms 
a ss im ila b le  to  ch ild ren  o f  d if fe r e n t  ages in  accordance w ith  th e ir  
m ental s tru c tu re  and the variou s sta g es  o f  development" (P ia g et [1969], 
page 153 ). Shayer b e lie v e s  th a t h i s  proposed c o g n itiv e  le v e l  matching 
p o lic y  for the sc ien ce  curriculum (Shayer 1981) w i l l  lead to  c o g n itiv e  
a c ce le ra tio n  in  those p u p ils . This process o f  c o g n it iv e  a c ce le ra tio n  
seems accep tab le  to  P ia g e t. However, Shayer' s hopes for c o g n it iv e  
a cce le ra tio n  in  s c i e n t i f i c  thinking to  develop  a l l  forms o f  thinking  
m ight be somewhat am bitious because i t  does n o t seeding ly  reco g n ise  the  
importance o f  the in d iv id u a l nature o f  lea rn in g .
P ia g et does n o t see  c o g n itiv e  a cce lera tio n  as the s o le  means o f  
promoting h igher education al standards. As w e ll as encouraging an 
" in tern al s tr u c tu r a l maturation", h e  b e lie v e s  i t  im portant "for the  
in flu en ces  o f  experience and o f  the s o c ia l  and p h y sica l environment" to  
p la y  th e ir  p a r t in  the development o f  th e c h ild  (P ia g et, 1969; page 
169).
I t  thus seams as i f  in d iv id u a ls  should be regarded as  a c t iv e  
p a r tic ip a n ts  in  the learning process rather than the way b eh a v io u rists  
would have us b e lie v e , as p a ss iv e  r e c ip ie n ts  o f  knowledge. Student 
a c t iv i t y ,  rather than p a s s iv ity ,  in  the learning p rocess i s  u su a lly  
demanded ty  the very  nature o f  the CAL-student in te r a c t io n . I have  
shown th a t t y  p a r tic ip a tin g  in  the a c t iv e  form o f  lea rn in g , the use o f  
a CAL sim ulation  causes a s h i f t ,  a lb e i t  a sm all s h i f t ,  towards a 
p reference for a c t iv e  forms o f  lea rn in g . The i n i t i a l ,  and marked, 
p referen ce for p a ss iv e  forms o f  learning probably r e s u l t s  frcm the
(se c t io n  11.5)
stud en ts' p a s t  learning experiences which have probably been those o f  
the normal d id a c t ic  approach adopted by the m ajority  o f  teachers in  
secondary sch oo ls  and higher forms o f  education .
The apparent re lu ctan ce  o f  teachers to  use an " active  pedagogy" i s  s e e i  
t y  P ia g et a consequence o f:
( i )  The d i f f i c u l t y  teachers have in  implementing an a c t iv e  
pedagogy. The teacher has to  provide a v a r ie ty  o f  work for the p u p il 
which req u ires much concentration on the p a rt o f  the teach er. The 
d id a c t ic  approach i s  much le s s  t ir in g , and i s  a more a d u lt approach for 
promoting lea rn in g .
( i i )  The tra in ing  teachers r e c e iv e . There i s  an inadequate 
knowledge o f  c h ild  psychology which would otherw ise a llo w  the teacher 
to  understand the students' learning behaviour.
C onstructive a ltern a tiv ism  adopts the v iew  th a t:
"one can provide an adaptive education al system  which assumes 
many ways o f  succeeding and m u ltip le  g o a ls  fir am which to  
choose." (Pope, 1980)
I t  i s  a ls o  a sch oo l o f  learning psychology which reco g n ises  th a t the
educational system should i t s e l f  reco g n ise  the importance o f  in d iv id u a l
learning s t y le s .  The students p a r tic ip a tin g  in  th ese  s tu d ie s  appear
to  have d if fe r e n t  learning g o a ls  and ta sk s . They appear to  v iew  the
CAL sim ulation  in  d if fe r e n t  ways based upon p a st experiences and th e ir
in t e r e s t s .
One stud en t (SHI) viewed the pond as i f  i t  were a f is h  farm. His 
in t e r e s t s  were in  th is  area being a p art-tim e employee on a f is h  farm 
and a ls o  wanting to  make f is h  farming h i s  p r o fe ss io n a l ca reer . To 
imagine the pond in  the CAL sim ulation  to  be something th a t i t  i s n ' t
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does n o t n e c e s sa r ily  a f f e c t  what i s  learned when compared to  others 
using the same sim u lation . However, i t  i s  probable th a t the learning  
o b jec tiv e s  in  such a s itu a t io n  w i l l  be d if f e r e n t  fir cm other stud ents  
using the same CAL program. '"Ihe tasks in  which people engage 
stru ctu re  to  a g r e a t  ex ten t what inform ation i s  s e le c te d  frcm a 
s itu a t io n  and how th a t inform ation i s  processed" (Posner, 1981).
CAL sim u lation s seem to  encourage the use o f  the im agination . A fter  
a l l ,  a l l  th a t program users are doing i s  looking a t  numerical forms o f  
data on a VDUl Use o f  the im agination probably means a deeper 
in t e r e s t  in  the sim ulation  being developed and perhaps thus a more 
in te n s iv e  use o f  th a t program. Once one g e t s  in te n se ly  in te r e s te d  in  
a learning s itu a t io n , then a major hu rd le  has been jumped. Ihe  
a b i l i t y  to  learn , once th is  hurdle has been passed , i s  to  a large  
ex ten t now dependent on the p o ssessio n  o f  su ita b le  learning s tr a te g ie s  
and an appropriate conceptual base fir cm which growth can occur.
The stu d en ts vho used * PONDGAME in  th ese  s tu d ie s  were provided w ith  an 
Imaginary s itu a t io n , a f is h  farm. Such a learn ing s itu a t io n  appears 
to  stim u la te  in t e r e s t  as shown by th e g rea ter  time spent t y  using the 
program compared to  those people who used the other th ree  POND 
programs. The p ro v is io n  o f  a g o a l, in  t h is  ca se  to  make a p r o f i t ,  
d ir e c t s  th e lea rn in g . Posner (1981) warns, however, th a t i f  we want 
to  understand the learning experience frcm the v iew p oin t o f  the  
student, then we must id e n t ify  those g o a ls  they have and n o t the g o a ls  
th a t they are g iv e n . The obvious im p lica tio n  for the curriculum  i s  
th a t in  using learning o b jec tiv e s  we are  in  the dangerous s i tu a t io n  o f  
b e liev in g  th a t th a t i s  p r e c is e ly  what the knowledge the stu d en t w i l l  
acqu ire. The curriculum should a llo w  th e n ecessary  freed cm for a
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stu d en t to  acquire knowledge in  a way th a t i s  n a tu ra l. The r ig id  type 
o f  curriculum th a t attem pts to  impose a h ie r a r c h ic a l development o f  
knowledge i s  one th a t must be questioned .
Conceptual development, a t  le a s t  on the m icro sca le  examined in  th ese  
s tu d ie s , appears n o t to  fo llow  a s t r i c t  h iera rch y . I found th a t i t  i s  
apparently e s s e n t ia l  to  develop  a su ita b le  conceptual base ( the feeding  
r e la t io n sh ip s  o f  the pond organisms in  th ese  programs), but th erea fter  
development i s  very  much in d iv id u a lis t ic  in  natu re. These s tu d ie s  
a ls o  have shown th a t for a "deep" learning approach to  be adopted, the  
stu d en ts should p o ssess  a s u ita b le  conceptual base from which to  work.
The education system should provide a curriculum  which reco g n ises  and 
supports the v iew  th a t learning i s  in d iv id u a l is t ic  and th a t an 
" e ffic ie n t"  system i s  one th a t a llow s freedom to  learn  but a ls o  
p rovides th e kind o f  h e lp  and guidance th a t i s  required t y  the  
ch ild /p erso n , vho cannot a f te r  a l i  be regarded as an expert learn er .
In th ese  s tu d ie s , the g r e a te s t  h e lp  in  learn ing appeared to  be o ffered  
t y  the question s in  P0ND2HEIP. These qu estion s provided a lte r n a tiv e s
to  the concepts p ossessed  ty  the stu d en ts, th e "truth" o f  vhich they  
could in v e s t ig a te . The q u estion s could promote s itu a t io n s  o f  
c o g n it iv e  c o n f l i c t ,  w ith  the r e je c t io n  o f  e ith e r  the "provided" concept 
or the "possessed" concept. In the la t t e r  s itu a t io n , conceptual 
exchange w i l l  occur. This form o f  education i s  accep tab le  to  
c o n s tr u c t iv is t  th ink ing. Pope and G ilb er t (1983) recommend a s im ila r  
means o f  promoting conceptual exchange:
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" I f  a teacher w ishes to  encourage conceptual change and 
acceptance o f  the "received view" o f  a s c i e n t i f i c  concept 
then experiences have to  be arranged, w ith in  a supportive  
r e la t io n sh ip , whereby the learner has h is /h e r  view  
challenged" .
Students using P0ND2HEIP, in  accepting an a lte r n a t iv e  conception and 
thus deciding to  enter a s itu a t io n  o f  c o g n it iv e  c o n f l i c t ,  d id  n ot  
appear to  f e e l  threatened. These q u estion s d id  n o t se r io u s ly  
"intrude" in to  the learning s itu a t io n  for any o f  the stu d en ts. 
PQND2HELP a ls o  provided su ggestion s for in v e s t ig a tin g  parts o f  the  
model when the students so  requested . Again, the stud en ts d id  n o t  
appear to  be threatened, one (DH) even seeing the program debating w ith  
him in  the way th a t a teacher d oes.
A su ita b ly  designed curriculum should encourage c o g n it iv e  c o n f l ic t ,  but 
on ly  when the student i s  prepared to  have h i s  e x is t in g  view s 
ch allenged . A student may be prepared to  have h is /h e r  view s 
challenged when they do n o t exp la in  p a r ticu la r  exp erien ces, th a t i s ,  
those experiences which are su rp r is in g . The r e a l i s a t io n  th a t  
conceptual exchang e i s  n ecessary  can on ly  occur when learn ing i s  r ic h  
in  experiences th a t are designed to  ch a llen ge e x is t in g  view s and, i f  
n ecessary , can a lso  provide the answers. "Answers" can, in  the wider 
learning s itu a t io n , be provided t y  the teach er, the necessary  
inform ation can a lso  be provided t y  sources such as books, p e r io d ic a ls ,  
computer data bases, and even th e ir  p eers .
-  459 -
(se c tio n  11 .5)
I would su ggest th a t th is  has re levan ce to  CAL programs in  th a t they  
should be capable o f  providing the kind o f  c o g n it iv e  experience th a t  
encourages:
(1) the development o f  conceptual stru ctu res  w ith  a broad range o f  
experience,
(2) c o g n itiv e  c o n f l ic t  whenever inappropriate a lte r n a t iv e  conceptions  
appear to  be h e ld ,
(3) be a b le  to  provide any n ecessary  a d d itio n a l inform ation to  a id  
conceptual development (here the use o f  in te r a c t iv e  v id eo  m ight p la y  an 
important r o l e ) .
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Appendix la
Students p a r tic ip a tin g  in  th ese  s tu d ies  who used POND-2
I n i t ia l s
m
GU
ST
PS
SHI
NP
TS
PN
MW
Sex Age GCE A/L su b jec ts  Year o f  Previous ecology  
studying course experience
M
M
M
M
16
16
16
17
18
19
Botany
Chemistry
P h ysics
Botany
Zoology
Chemistry
Botany
Zoology
Botany
Zoology
P h ysics
Computing
Botany
Zoology
Chemistry
Geography
Botany
Zoology
0/L  B iology, mother 
i s  a b io logy  teacher
.0/L B iology
0/L  B iology + 
ecology p r o je c t .
0 /L  B iology
0/L  B iology
0/L  B iology + 
ecology work in  
A frica
19 Botany
Zoology
0/L  B iology
M 20
18
Botany
Zoology
chem istry
B io logy
Chemistry
S t a t i s t i c s
School C e r t if ic a te  
(A frica)
R evision  A/L B iology
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Appendix lb
Students p a r tic ip a tin g  in  th ese  s tu d ies  Who used PONDQU
I n i t ia l s  Sex Age GCE A/L su b jects  Year o f  Previous ecology
studying course experience
JB
CP
SA
SW
AB
AR
RR
SH2
JH1
M
M
M
19
19
20
17
19
17
M
17
21
17
Maths.
Zoology
Chemistry
Botany
Zoology
Zoology
Chemistry
P h ysics
Chemistry
Zoology
P h ysics
Chemistry
Zoology
P h ysics
Chemistry
Zoology
Maths.
P h ysics
Chemistry
Zoology
P h ysics
Maths.
Zoology
Ph ysics
Chemistry
Zoology
1 0/L  B iology
2 0 /L  B iology
1 & 2 0/L  B iology
1 0 /L  B iology
1 O/L B iology
1 0/L  B iology
1 0/L  B iology
1 O/L B iology
1 0 /L  B iology
-  477 -
(appendix 1)
Appendix l c
Students p a r tic ip a tin g  in  th ese  s tu d ies  who used PQNDGAME
I n i t ia l s  Sex Age GCE A/L su b jec ts  Year o f  Previous eco logy
studying course experience
JH2 M 22
AY
AM
SE
CH
HS
M 19
M 18
RC1 M 17
19
25
18
Chemistry
Zoology
B iology
Chemistry
P h ysics
Maths.
Chemistry
P h ysics
Zoology
Chemistry
Maths.
Zoology
Chemistry
ly&ths.
Zoology
P h ysics
Chemistry
Zoology
Zoology
Botany
Chemistry
1 & 2 0 /L  B iology
R evision A/L B io logy
1 0 /L  B iology
1 0 /L  B iology
1 0 /L  B io logy
A/L B io logy
0/L  B io logy
(appendix 1)
Appendix Id
Students p a r tic ip a tin g  in  th ese  s tu d ies  who used P0ND2HELP
I n i t ia l s  Sex Age GCE A/L su b jects  Year o f  Previous ecology
studying course experience
MB M 18
SDT
FQ
DG
SB
RC2
DC
PP
NL
DH
M
M
M
M
M
M
17
21
17
18
18
16
16
16
16
Chemistry
Zoology
Botany
Economics
Botany
Zoology
Chemistry
Botany
Zoology
Physics
Chemistry
Botany
Botany
Zoology
Chemistry
Botany
Zoology
Chemistry
Botany
Zoology
Chemistry
Zoology
Physics
Chemistry
Physics
Chemistry
Zoology
Maths.
Zoology
Physics
Chemistry
1 0 /L  B iology &
Environmental S c i.
0 /L  B iology
0/L  B io logy
0/L  B iology  
A/L B iology
0/L  B iology
0/L  B iology
0/L  B iology
0/L  B iology
0/L  B iology
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APPENDIX 2 
EVOLU PACKAGE NOTES
llv UUSTR3AL MELANISM
The B r it is h  Peppered J-loth,Biston b e t u la r ia , e x i s t s  in  a grey form, 
which i s  remarkably w e ll adapted to  resem ble the lic h e n  on th e  bark 
o f  t r e e s ,s o  th a t i t  cannot be- r e a d ily  seen by b ird  p red a to rs . ifbout 
I 8 5 O, a b lack  pigm ented v a r ie ty  (m elan ic  form) was f i r s t  seen  in  
the ka.ncnester a rea . T his form i s  very  conspicuous a g a in st th e  
lich en  covered bark o f  tr e e s .
■i.l In which d ir e c t io n  would you exp ect s e le c t io n  to  a c t ,  th a t i s ,  
which form w i l l  be most predated? •
■ \
However, the m elanic form was not e lim in a te d  by s e le c t io n .  In f a c t ,  
by 1 9 0 0  th e  p roportion  o f  the m elanic form to  the non-m elanic form 
"by 99^1 in  "the Manchester area . By t h i s  tim e th e  In d u s tr ia l  
R evolution  had g r e a t ly  changed th e ch aracter  o f  much o f  th e  cou n trysid e .. 
From in d u s tr ia l  c en tr e s  such as M anchester and Birmingham, a v a st  
amount o f  soot and o th e r ' waste products poured from fa c to r y  chim neys, 
p o llu t in g  th e  surrounding a rea s . The w h ite , l ic h e n  covered tr e e sr  
were becoming b la ck .
4 . 2  ’ Which form o f  moth i s  at an advantage now and why?
'■Ket-lewell found (by making d ir e c t com parisons o f  th e number o f  moths 
eaten by b ird s  in  d if fe r e n t  areas) th a t in . in d u s tr ia l  areas the  
melanic form v;as fa r  l e s s  h ea v ily  p red ated , as th e  b ir d s , hunting  
by s ig h t , could  not. see  i t  so e a s i ly  ( s e e  f ig u r e  l ) .
Study f ig u r e  2 . •'
^ • 3  VJhere are th e  main in d u s tr ia l a rea s  o f  B rita in ?  Compare them 
w ith  th e  d is tr ib u t io n  o f  th e two forms o f  th e  moth.
.
^•4 What s e le c t iv e  fa c to r s  are o p era tin g  on each form o f  th e  moth?
Q.5 Which a l l e l e  ( l i g h t  o r ’dark) i s  a t an advantage in  each environment?
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JiM ap showing the distribution of melanic and grey peppered m oths, Biston betularia  in 1952-56.
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Computer: Commodore "P et"•
In stru ctio n s  for  use o f  computer:
Switch computer on.
Place tape in  c a se t te  deck.
Type LOAD HEVOLU"fth en  p ress  "RETURN” ,' *
Press "p lay 11 on c a s e t te  deck.
When th e programme has been loaded typ e RUN, and p ress RETURN, 
In stru c tio n s  fo r  use o f  Programme:
The programme "EVOLU1* s tu d ie s  a p op u la tion  o f  peppered moths fo r  t h ir t y  
y e a rs . You can s e le c t  a m utation r a te  f^or th e  appearance o f  dark 
moths from th e  l ig h t  co lou red  form, yo\i can s e le c t  th e  i n i t i a l  number
• ” •; . ... t _ '
o f  l ig h t  moths, you can change the- environment to  favour l ig h t  or 
dark coloured moths and s e le c t  a year when th e  environment changes 
to  favour l ig h t  or dark m oths,
( i )  Attempt to  show changes in  number o f  l ig h t  and dark coloured  moths 
in  (a ) a r u r a l area ,
..■(b) a r u r a l area w ith  new in d u s tr ia l  developm ent,
..'." (c) an in d u s tr ia l  a rea ,.
■..(d) an in d u s tr ia l  area becoming a sm okeless zone*
(ii)Y o u  can attempt to  d eterm in e/th e  e f f e c t  Of d if fe r e n t  m utation  
r a te s  in  th e  above environm ents.
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AT ION SHEET Sheet number.• • « • .
D ate.   .................................... 1 9 8 ,
Programme....................... ..
Student a c t io n Student comments Teacher h e lp
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DMT * S HAME
S S  .•...........................................   DATE.....................................1 9 8 . . . .
JECT ..............................................................
KA.GE TITLE.......................................... ..
would be. a p p rec ia ted  i f  you would com plete t h i s  form very c a r e fu l ly  s in c e  
r comments w i l l  be taken  in to  account in  th e  d es ig n  o f  fu tu re  packages.
Very Not at
much a l l
Did you enjoy working w ith  th e  
package?’
Did you th in k  th e  package worth 
doing?
Did you lea rn  anyth ing? YES/NO
P lease  e la b o ra te  i f  your answer tjo q u estio n  3 was YES.
I s  ther.e anyth ing th a t  you f e e l  i s  s t i l l  u n clear?  ‘YEs/NO
P lease  e la b o ra te  i f  your answer to  q u estio n  5 was YES.
Did you f e e l  th a t t h i s  mode o f  lea rn in g  .
was any b e tte r  than  a normal lab oratory
p r a c t ic a l or t u t o r ia l?  YEs/NO
P lease  e la b o ra te  i f  - your answer to  q u estio n  7 was YES.
Any fu rth er  comments?
Thank You.
-  485 -
STUDENT FEEDBACK FORM
STUDENT1S NAME.............................................................. *...................
C U S S ............................................................................  U T E ........................................... 1 9 8
SUBJECT . . . . . . ............................................................
practical/ tutorial t it l e  . . ....................................................................................
X*t would "be ap p rec ia ted  i f  you would complete t h i s  form very  c a r e fu lly  s in c e  
your comments w i l l  be tak en  in to  account in  th e  fu tu re  development o f  
Computer A s s is te d  L earning packages. These CA.L packages may rep la ce  some 
o f  your lab ora tory  p r a c t ic a l s ,  t u t o r ia l s  and perhaps le c t u r e s  in  th e  near  
fu tu re i
very  not at
much .•> • a l l
1 . Did you enjoy your p r 'a c tica l or
t u to r ia l?  ---------------------------------------------- -----------
2 . Did you th in k  th e  p r a c t ic a l / t u t o r ia l
worth doing? ---------- ------------------------ ----------
3« Did you le a rn  anyth ing? YES/NO
4 . P lea se  e la b o ra te  i f  your, answer to  q u estio n  3 was YES.
5 . I s  th ere  anyth ing th a t you f e e l  i s
s t i l l  u n clear?  YES/NO
6 . P lease  e la b o ra te  i f  your answer to  q u estio n  5  was YES«
7 .  Do you th in k  that th e  s e s s io n  could  be
improved in  any way? YES/NO
8 e P lease  e la b o ra te  i f  your answer to  q u estio n  1 was YES.
) •  &ny fu rth er  comments?
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APPENDIX 6 
EVOLUTION ASSESSMENT
GUILDFORD COUNTY COLLEGE OF TECHNOLOGY 
DEPARTMENT OF SCIENCE AND ELECTROTECHNOLOGY
BIOLOGY II
ASSESSMENT OF INDUSTRIAL MELANISM
NSWER ALL QUESTIONS.
TIME ALLOWED: 1 5  M inutes.. DATE................................................ 1 9 8 . . . .
1 .. WheiL lo o k in g  fo r  peppered moths in  a g iv en  a rea , where would 
you exp ect to  findi them?
• What iis th e  name o f  th e  process, which causes- l ig h t  moths to
produce dark moths?
> What is ,  th e  name o f  th e  dark pigment found in  th ese  moths?
When, app roxim ately , d id  dark moths f i r s t  appear in  con sid era b le  
numbers; in  t h i s  country?
• What are th e  n a tu ra l predators o f  peppered moths?
. Why are l ig h t  moths predated upon more fr e q u e n t ly  than dark
moths in  a smoke p o llu te d  area*?
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7. Where would you expect to  f in d  th e  h ig h est prop ortion  o f  
dark moths?
a) Devon, 
h) M anchester,
c) G uild ford ,
d) Southend.
T ick  app ropriate hose..........
8 . Why d id  you g iv e  your answer to  q u estio n  number 7?
9 . Imagine an area o f  th e  country where th ere  i s  no in d u str y . 
Would you f in d  more l ig h t  moths 7
dark moths ?
I f  a firm  now s e t s  up a fa c to r y  in  t h i s  area and burns a lo t  
o f  coal.,, would
l ig h t  moths in c r ea se ?
dark moths in crea se?
numbers o f  l ig h t  
and dark moths 
sta y  con stan t?
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APPENDIX 7a
POND-2 PROTOCOL SHEETS USED FOR JUDGING COGNITIVE LEVELS
......................1 9 8 . . . .  CLASS........... .
.......................................  COMPUTER NO,
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
Input too vary pond l i f e  
(ie,mo:de 2 ) .
Input txp have grap h ica l 
d isp la y  o>f r e s u l t s .
I n i t i a l  numhers inputs
p h ytop lan k ton .. .12.5^J(D
■ h erb iv o n es 20
Input 5 0  f i s h ._ ^ ? )  
Examine graph d isp la y ed .
Input 1 ( to  observe th e  
pond).
Examine r e s u l t s .
How b ig  i s  th e  pond? I t  does 
depend on th e  s iz e  o f  th e  
pond^J A- sm all poiid can 
on ly  h o ld  a few f i s h .  There 
i s  not much food in  th e  pond.
What i s  th is ? ( p o in t in g  to  th e  
l a b e l l in g  o f  th e  a x e s ) .
Maybe we should have had 
the, r e s u l t s  d isp la y ed  in  ] ( i  
ta b u la r  form.
May be b e tte r  to  observe th e  
pond to  g e t an id ea  o f  i t s  s i
Why are th er^  few er f i s h  in  
March?
Perhaps i t  is j th e  food .
F ish  ea t herb ivores*  le s s ;  to ) 
eat in  March.
f ) -
Peak tim e in  August;, no May.
S h a ll we w rite  t h i s  down 
somewhere?
Peak th e r e  (p o in tin g  to  -^pril 
and th e r e  ( ju n e ) , drop in  May 
Lot o f  f i s h  cau sin g  th e  d r o p y  
in  h e r b iv o r e s .
They are a l l  in te g r a te d . J®
What makes th e  f i s h  pop ulati 
f a l l ?
101
H erbivores; ea t th e  
ph ytop lan k ton .
37® -  
© -
A l l  in t e r r e la t e d  
w ith  th e  s e a so n s .  
Food, ch a in s ..
1
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198 . . CLASS
COMPUTER NO
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
Input to  use mode 2 .
Input 100 p h y to p la n k to n ^ y  
10 herbivores'! — 
2 5 0  f i s h
Input ta b u la r  d isp la y  o f  
r e s u l t s .
Examine r e s u l t s .
I f  we put more phytoplankton  
in ,  th e r e  w i l l  he more, food foj 
th e  f i s h . .
The i n i t i a l  numbers are fo r  
January which i s  a co ld  month.] 
There should  be few er o f  
e v e r y th in g .
7®
Input to  continue to  
year 2 .
A
Where i s  i t  peaking? *
Same as  b e fo r e .
A month a f t e r  i t .  "High durii 
th e  summer. I t  goes r ig h t  
down t h e r e .  J  Iss i t  ( f i s h )  
h igh  because we s ta r te d  w ith  
a h igh  number?
Why th e  drop in  March?
Colid in  march. * 1^^) —
Large drop th ere  (p o in tin g  
to  phytoplankton.) fo llo w ed  
by a drop in  th e  numbers o f  
f i s h .
We have s ta r te d  w ith  too  // 
many.
W ill i t  become s ta b le ?
I t  doubled in  one month 
(A p r il to  May). —
—
Y es.
You can see  what 
happens when you  
o v ersto ck  a pond. 
Y es.
There should  be a drop in  
th e  h e r b iv o r es .
Input to  continue to  
year 3 .
a
I t  (th e  p o p u la tio n )sh o u ld  be 
s t a b i l i s i n g .
I t  has, s t a b i l i s e d  out a bit."
c n -
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1 9 8 . . . . CIASS
COMPUTER NO,
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
In th e  p rev iou s year th ere  
was a h igh  in  A p r il ,  i t  i s  
high in  May here.,
Input 2 5 0  phytoplankton"  
10 h e r b iv o r e s ^  
2 5 0  f i s h .  ^
If-we w i l l  keep th e  numbers o f  
f i s h  and h erb iv o res  th e  same. 
There shou ld  be a gen era l *— 
in c r ea se  in  th e  p o p u la tio n s . 
Should be more fishT~7(@ — ’
We have got le s s :  fisifTjjjg^ -—
W -
No>„ i t  was in  May. 
Why n ot,, this?, time',, 
have a highi i n i t i a l  
phytop1ankton  
pop u lation ?
Input 0 p h ytop lan k ton. 
10 herbivores"7/§k\
Input to  co n tin u e ..
Not an aw ful l o t .
What do phytoplankt*on feed  on
I f  you put a lo t  o f  herbivorejs 
in  th e  pond, th ere  are -less  
f i s h .
S ta rt aga in ..
What happens when th ere  are 
phytoplankton?
' £ ) -
What has happened? 
They are p la n ts ]
no
O bohl
F ish  s t i l l  l iv in g . ,  7
The h erb iv o res  do not l a s t  /  
fo r  e v er .  •
Let us contin ue to  year B
F ish  la s t  q u ite  a lon g  tim e . j(/4. 
Are th ey  e a t in g  th e  sm a lle fT ^  
f is h ?  “
What happens when th ere  i s  
1 phytopiankton?
What happens when th ere  are  
no f is h ?
Make i t  one f i s h . .
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1 9 8 . . . . CLASS
COMPUTER NO,
STUDENT ACTION
Input 2 5 0  ph ytop ian k ton,
10 herbivore s77 Z7? 
1 f ^
Examine r e s u l t s .
Input to  con tin u e to  
year 2 .
Input to  s ta r t  a g a in . 
Input mode 4  (p o l lu t io n )
Input 1 .
Examined r e s u l t s .
Input to  co n tin u e .
STUDENT COMMENTS TEACHER HELP 
OFFERED
F ish  has gone a l r e a d y “ 
f^ here should  be a g en era l 7 
in c r ea se  in  th e  h e r b iv o r e s ,h
There i s  not
li wonder why?
’^here are l e s s  phytoplankton 7 
and: herbivores;.
^ry on low p o l lu t io n  th en
h l g h ‘ Ui riS ta rt th e  p o l lu t io n  in  l y f
^anuary.
Why th e  m assive in c r e a se  in  
phytoplankton in  February? 
Going down. P rob ab lyT ^ . 
dying o f f .
Why such an in c r e a se  i n i t i a l l y
P o llu t io n  i s  by f e r t i l i s e r s .  
Low co n cen tra tio n s  would b e 7 ^  
b e n e f ic ia l .  l ^ j)
Go to? year 2 .
C oncentration  shou ld  be 
h ig h er . -
Are th ey  adap ting  to  i t ?
So i t  is ;  d isap p earin g ! f($ ^ )
Have a lo o k  a t your 
package n o te s .
You p o l lu te d  th e  pond 
in  th e  f i r s t  month.
/
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CLASS
COMPUTER NO,
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
Input to  have a d if f e r e n t  
le v e l  o f  p o l lu t io n .
Input h igh  le v e l  o f  
p o llu t io n .
Look at r e s u lt s ' .
' J ®
Seems to  k i l l  e v er y th in g  /  
towards th e end o f  th e  
summer (h e r b iv o r e s ) . J ®
Input high; l e v e l  <j£  
p o llu tio n *
Input pond: p o llu te d  i r ^ 7 ^ \  
month' 5 .. .—A— -
Put th e  p o llu t io n  in  th e  
middle o f  th e  y e a r .
rIhe f i s h  are k i l l e d  completely! 
by th e  p o l lu t io n .
Should be an in crea se - th en  a 
d ecrea se . Might even be a 
dram atic in c r e a s e .
Input to  contin ue to  
year 2 .
Input to  contin ue to  year  
3 .
Input mode 3 (fish in £^  
Input 20 fisherm en 7 )
F ish in g  frequency = ?
—4*
Close season=?
= months 3  to  5 . 
Examine r e s u l t s .
The p o llu t io n  k i l l s  ev ery th in g  
^ erb ivores back now.
F ish  might come -back.
Let us see  when th e  f i s h  
come back. K b
’0 —No f i s h  y e t .
I t  i s  alm ost th e  same as-, when 
we put no f i s h  a t a lL .
Going to  be more h e r b iv o r e s”"7 
when th ere  are l e s s  f i s h .  / (
I f  say 4  or 5 , f i s h in g  i s “7 ^ *  
once a week, th a t, i s  every/Zfo' 
weekend. —
Close season  i s  when th ey  
are b reed in g .
a Why sudden drop in  Augu st?
I f  tak e f i s h  away th e  
phytoplankton and h erb ivores; 
should r i s e  in  numbers.
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1 9 8 . . . .  CLASS ..........
..............................  COMPUTER NO
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
A lo t  off people come f is h in g  
a f t e r  th e  c lo se  sea so n . v —
‘erh iv o res 1 do not 
in crea se  b ecau se wrong 
tim e o f  y e a r .
Input to  continue to  
year 2 .
I f  l e s s  f i s h ,  th ey  (fish erm en) 
are - go in g  to  ca tch  l e s s .
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APPENDIX 7b
PREY PROTOCOL SHEETS USED FOR JUDGING COGNITIVE LEVELS
1 9 8 . . . . CLASS
PREY
 ................................................... COMPUTER NO,
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
Input 400 prey
Input 10 p red a to rs .
Input 10 .
Input prey in crea se  o f
Input predator death o f  3 
Examine ou tp u ts
Use 4 0 0 .
Why? J/T)
I t  I s  th e  maximum n u m b e r .'^
How many predators?
^mong 4 0 0 , no 20 .
What is -  th e  prey cover?
O ther stud en t ex p la in s , a f t e r  
r e c a l l in g  th e  d escr ip tio n , 
g iv en  e a r l i e r  in  th e  
programme.,
—
Prey in crea se?
F a ir ly  la r g e . \~ i ©
Input "yes!1.
Input 300 prey.
Input 4 0  p red a to rs .
Input prey in crease= 3  
Input pred ator dea*bhr=3
Input prey cover.=80
Observe output on VDU.
Input to  change cover  
and r a t e s .
Predator death? • '
5> N othing w i l l  happen i f  *3> 
I f  3 . more p red ator  in crea se  
than death ..
What i s  tim e a x is  in?
I t  i s  even in g  o u t .
3 2  p r e d a to r s , . 7 0  p rey .
Stay th e  same.
I t  i s  n o t  go in g  to  change.
C h a n g e  c o v e r  a n d  r a t e s ?
Try 3 0 0 , isee  what it  oi> 
previous; is-.
Same number, 5?
No,change i t  and see  what 
i t  i s .
w rey  cover 8 .0
©
Going up b i t  by b i t .  The 
pred ators, are s ta y in g  th e  
~same now at 2
Going to  balan ce out a lter .- 
a w h ile .
More prey than p red a to rs .
n
Had 80 la s t  t im e , probably  
th a t i s  why we had a b ig
gap.. _________
-  495 -
© -
They are ju s t  u n its ,  
© -  •
E>
1 9 8 . . . . C I A S S ............
COMPUTER NO
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
10 b e fo r e  t h a t .  Don't. heve  
to) have any prey cover air a l l  
Must be some su rv iv in g *
Not n e c e s s a r i ly l  ____
Prey cover-0 <30
C ited  example where 
no prey cover would 
e x i s t .
Input prey in c r ea se  o f  7 .
Prey w i l l  not in c r e a s e .
But i f  we had enough in c r ea se  
w i l l  reproduce f a s t e r  than  
in g e t  ea ten .
Input predator death o f  10
Observe th e  o u tp u t.
P*+) —  , -----------------
!e i f  we can k i l l  out th e  
p red a to rs . .  ■
Get sharp in crea se  “th ere  r 
where m u lt ily in g  q u ic k ly ,th e  
d ecrease when g e t eaten ..
Then probably s ta y  r eg u la r . 
Haven*t d ied  o f f  y e t . .
Moving c o n sta n tly .. P redators  
dying- o f f  more than>.;the pr e y .  
So' th e  prey have, s t i l l  got a 
chance to  su rv ive  w h ile  th e  
p red ators dying o f f .  ____
The predator numbers, are 
o s c i l l a t i n g .  (I^ P
What about th e  
p a ttern  o f  numbers?
Input number o f  prey=100 r
Let us change ev ery th in g  
now.
3 .
Input number o f  predators  
=200.
100?.Have a sm all number o f  
p red a to rs .
Let us. have more predators  
than prey to  see  i f  th e  prey  
eat en o u t•
(E>
g e t
! input prey cov.er=10
.Input prey in c r e a s e s 9
Cannot have more prey cover - 
than pr e y , f I f  we make death  
ra te  o f  th e  predators; h igh  . 
should  keep th e  p rey .
High number o f  pred ators th§n  
h igh  decath r a te  as w e l l .
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1 9 8 . . . .  CIASS ..........
 .....................  COMPUTER NO
STUDENT ACTION
Input predator death  
rat e= 5  _______________
STUDENT COMMENTS TEACHER HELP
OFFERED
I t  w i l l  probably go w hizzing  
o f f  th e  screen ., ______________
Observe, th e  ou tp u t. S tarts: h igh  th en  goea. r ig h t  
down. I t  i s  o s c i l l a t i n g  
a g a in •
S t i l l  b a la n cin g  a g a in . 
S ta y in g  th e  same.____________
I t  is ,  a  balan ced  ecosystem . 
S ta b le  ecosystem ? ____
Input, to  change, cover and < 
r a te s .
Input coven r a te  o f
Input prey in c r e a s e = l.
Input, predator death r a te
=9. -___
Ne had a cover o f  10 la s t  
tim e .
5|}<'fou want to  see  them get  
ea ten ! •___
K o
Observe o u tp u t.
Input predator death r a te
=1 _____
Observe o u tp u t.
Input prey cover  
Input, prey in c r ea se
^0- ^
= l
Input, predator death  
rates=l
Observed ou tp u t.
Input number, o f  prey=200.
Input number o f  p red ators  
= 1 5 0  ----------
Input prey cover=200
%
1 9
I  hope th e y  g et e a te n .
Th6 p red ators have died' o u t . 
Why th e  pred ators and' not 
th e  prey?    __________ ____
N othing t o  shop' th e  prey . 
They d ied  out, because th e  
p redator death r a te  was t o e  
h ig h .  __________
S t i l l ,  d id  not: k i l l  th e  
prey o f f .  The pred ators  
are s t i l l  dyings o f f >  
S t i l l  co v er . (36) —
Keep both  a t th e ir , minimum.
K il le d  both o f f
The p red ators have got 
>thing to  e a t ,s o  th a t i s  i t
et us: see  i f  we can g e t i t  
t a  b a lan ce a g a in . _____
Both: w i l l  d ie  o f f  i f  we have 
no prey co v er . _____
* 0 )
ftp r 
' •
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1 9 8 . . . . CLASS
COMPUTER NO,
STUDENT ACTION STUDENT COMMENTS TEACHER HELP
OFFERED
Input prey in crea se^ ! (^p
Input; predator death  
ra te = l __
P len ty  o f  prey
Observed ou tp u t.
Others should  go up/
No-'jis su r p r is in g .
Cover r a te  o f  2 0 0 ,have 209 
p r e y ,th e r e fo r e  9 fo r  30 
p red ators to  e a t .
Keeps c o n sta n t. _____ _
Want to  g e t th e  la r g e t t  no. 
o f  prey and predators; 
w ithout then, dying o f f .
Input prey cover=200 
Prey in crease= ?
I f  you in c r e a se  th e  prey  
cover th er e  i s  l e s s  to  e a t .
Input; 9
Input predator deaths;=3 
Observed o u tp u t.
Input prey numbers5.0 
Predator no.=?
Input; 100
Input; prey in crea seslO
Input predator death  
ra te= l
Observed ou tp u t.
I f  we have a h igh  number th e  
prey w i l l  go up, th en  we w i l l  
be a b le  to  ba lan ce i t .
I  b et one o f  them d ie s  o u t.
S ta b le  a t h igh er  predator, 
le v e l , lo w e r  prey number.
IPTfQfr
N o,predators, w i l l  die; out,
Going t.o go sh o o tin g  u p ,so  
maust have more p red a to rs .
P redators are dying o f f .  
More predators; th an  prey .
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Appendix 8b 
Pedagogic Aims o f  POND-2
POND-2 sim ulates a  pond where there are  th ree major groups o f  
o rgan ises, or trop h ic  l e v e l s ,  phytoplankton (u n ic e llu la r  green  p la n ts  
such as a lg a e ) , herb ivores and f is h . The f is h  are assumed to  be 
m ainly carnivorous and thus feed on the h erb iv o res . When the pond i s  
fish ed , man becomes a fourth troph ic le v e l  w ith in  the ecosystem .
The phytoplankton are the p r in c ip a l producers (p la n ts  such a s  a lg a e  
th a t p h otosyn th esise  to  produce organic substances) in  an aqueous 
environment. Because the producers are sm all, th e anim als th a t e a t  
than (consumers) a ls o  tend to  be sm all. The producers are norm ally 
eaten by herb ivores (known as primary consumers) which are then eaten  
by carnivores (secondary consumers) .T his sim ple n u tr it io n a l sequence 
known as a food chain  i s  used in  the POND programs.
In a food chain each organism in  the s e r ie s  feeds on, and th ere fo re , 
d er iv es  energy from, the preceding one. I t  i s  in  turn consumed by, 
and provides energy for , the one follow ing i t .  When energy flow s 
through a food chain , only  a sm all proportion o f  th e energy taken up by 
each lin k  i s  tran sferred  to  the n ex t troph ic l e v e l  because m ost o f  the  
energy i s  l o s t  a s  h e a t through the process o f  r e sp ir a t io n . This 
p rogressive  lo s s  o f  energy a t  each le v e l  o f  a food chain puts a n a tu ra l 
l im it  on the t o t a l  w eight o f  liv in g  m atter th a t can e x i s t  a t  each 
l e v e l .  This w eight i s  c a lle d  the bicxnass.
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The bicmass d ecreases a t  each su ccessiv e  le v e l  in  the chain , a s  does 
the number o f  in d iv id u a ls . The decrease in  number i s  grea ter  than 
th a t o f  bicmass, because the animals a t  the end o f  the chain tend to  be 
larger than th e ir  p red essors. The p ro gressive  drop in  numbers i s  
described as a pyramid o f  numbers. The p ro g ressiv e  drop in  bicmass 
the pyramid o f  b icm ass. These two concepts, o f  a pyramid o f  numbers 
and o f  a pyramid o f  bicm ass, are m erely two examplars o f  th e same b a s ic  
concept, th a t o f  a concept o f  a food pyramid which the POND programs 
attan p t to  anphasise.
In mode 1 o f  the program, the stud en t can observe the behaviour o f  the  
pond organisms under "natural" co n d itio n s . They can observe the  
c y c l i c i t y  o f  numbers throughout the year and in  follow ing y ea rs . They 
can observe the r e la t iv e  s iz e s  o f  the populations and thus ob ta in  an 
idea  o f  the pyramid o f  numbers.
In mode 2 o f  the program the students can determ ine the interdependence  
o f  the various trop h ic  le v e ls  (populations) by experim enting w ith  
changing the s iz e s  o f  th e populations a t  the beg inning o f  year 1 , or by 
relieving a whole populations (or populations) frcm the pond and 
observing the e f f e c t  on the ronaining p op u la tion s. They should thus 
be a b le  to  ap p reciate:
i .  That phytoplankton can e x is t  in  the absence o f  any oth er  
organism in  the pond and thus must be producers th e ir  numbers 
being a ffe c te d  on ly  by the p h y sica l environment;
i i .  The in te r r e la t io n sh ip  o f  each population  w ith in  the p o n d ,ie .  
th a t h erb ivores e a t  phytoplankton, and f is h  e a t  h erb iv o res .
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In mode 3 th e stud en t should cane to  r e a l i s e  th a t a fourth trophic  
le v e l  has been added to  the pond ecosyston , namely man. Man fish e s  
the pond and i s  thus a predator o f  the f is h . The degree o f  predation  
can be varied  by changing the fish in g  r a te , th a t i s  the number o f  
fishermen and the number o f  tim es th a t they f is h  each month. In 
ad d ition , the concept o f  conservation  can be in v e stig a te d  by lim itin g  
the amount o f  fish in g  by reducing the fish in g  r a te  or by imposing a 
c lo s e  season a t  d i f f e r e n t  periods o f  a year. The optimum fish in g  r a te  
i s  tvo , any fish in g  r a te  above th is  v a lu e  r e s u lt s  in  the f is h  
population decreasing in  s i z e .
Water can be p o llu ted  in  many d if f e r  a i t  ways -  by h e a t, d e terg en ts , 
in d u s tr ia l and dom estic w aste, f e r t i l i s e r s  and sewage. The p o llu t io n  
considered by mode 4 o f  the program i s  caused by organic compounds in  
sewage and by m ineral s a l t s  in  f e r t i l i s e r s .  In moderate l a / e l s  the  
n itr a te s  and phosphates may promote the growth o f  p la n ts , e s p e c ia lly  
planktonic a lg a e , producing an a lg a l  bloom. The b a c te r ia l breakdown 
o f  both the organic compounds In  the sewage and the abundant 
phytoplankton r e s u lt s  in  the d ep le tio n  o f  oxygen in  the w ater. This 
i s  o ften  f i r s t  n o ticed  when i t  causes the death o f  la rg e  numbers o f  
f is h  through oxygen s ta r v a tio n .
Students can in v e s t ig a te  the e f f e c t s  o f  p o llu t io n  a t  th ree d if f e r e n t  
le v e ls  -  low, medium and h ig h . The p o llu tin g  m a ter ia l i s  added during 
one month o f  the f i r s t  year, th is  month being chosen by the stu d en t.
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When the f is h  become e x t in c t  they do n ot reappear in  subsequent years 
as th e program makes no p ro v is io n  for r e - in tr o d u ctio n . Starting the  
program again r e s to r es  the pop ulations in  each trop h ic  le v e l  to  th e ir  
former s t a t e .
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Q uestions used in  PONDQU
Meade 1 o f  Program
Question 1
In a food chain vh ich  are the most frequent:
1) Primary producers (p h otosyn th esisers)?
2) Cons uners?
Question 2
Which are the most freequent in  A frica  -
1) Lions,
2) Zebra,
3) P lants?
(** th is  question  i s  on ly  asked i f  q u estion  1 or qu estion  3 
are answered in co rrectly * * )
Question 3
A)
FISH
HERBIVORES
PHYTOPLANKTON
B)
FISH
PHYTOPLANKTON
HERBIVORES
C)
PHYTOPLANKTON
HERBIVORES
FISH
Which pyramid o f  nunbers i s  correct?
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Mode 2 o f  Program
Q uestion 4a
Have you d iscovered What happens When there are no 
phytoplankton/ no h erb ivores, no fish ?
(**POLL£JWED BY 10 SECONDS THINKING TIME**N0 ANSWER REQUIRED) 
Question 4b
Think o f  the fee  to rs  th a t co n tro l the numbers o f  
phytoplankton, herb ivores and f is h .
(**F0LLCWED BY 10 SECONDS THINKING TIME**N0 ANSWER REQUIRED) 
Q uestion 4c
Why do think the numbers d ecrease  as you pass frcm the low est  
troph ic le v e l  to  the h ig h e s t  troph ic le v e l?
(**FOLLOWED BY 10 SECONDS THINKING TIME**NO ANSWER REQUIRED)
Mode 3 o f  Program
Q uestion 5
Why have a c lo s e  season?
Does i t  conserve f is h  numbers?
Mode 4 o f  Program
Question 6a
Have you looked a t  the e f f e c t  o f  a low le v e l  o f  p o llu t io n  on 
the plankton?
(♦■♦FOLLOWED BY 10 SECONDS THINKING TIME**NO ANSWER REQUIRED) 
Q uestion 6b
Why does i t  k i l l  the fish ?
(**P0UXJWED BY 10 SECONDS THINKING TIME**NO ANSWER REQUIRED) 
Question 6c
What happens to  th e phytoplankton?
(**FOLLOWED BY 10 SECONDS THINKING TIME**NO ANSWER REQUIRED)
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Appendix 10b 
Pedagogic Aims o f  PQNDQU
Mode I ,  th a t i s  observation  o f  the pond, should enable students to  
observe the r e la t iv e  frequencies o f  the d if f e r e n t  organians and the  
c y c l ic a l  changes in  the s iz e  o f  the th ree p op u la tion s. Following the  
use o f  th is  program, the stud en t i s  asked vhether the primary consumers 
(p hotosynth etic  a lgae) or the ccnsuners are m ost frequent in  the  
ecosysten . This should cause the stu d en t to  th ink o f  the organisms in  
the pond (phytoplankton, h erb ivores and f ish )  and th e ir  r o le  in  the  
pond ecosystem . The phytoplankton should be regarded as being p la n ts , 
and as such are ph otosynth etic  producing food from the carbon d io x id e  
d isso lv ed  in  the water from the atmosphere using su n lig h t as a source  
o f  energy for th e p rocess . The phytoplankton are u t i l i s e d  as a source
o f  food by the herbivorous anim als who are  the primary consumers in  the  
pond. These herb ivores are u t i l i s e d ,  in  turn, by the l e a s t  frequent 
o f  the pop ulations, the secondary consumers vhich  are carnivorous f is h .
The questioning progresses to  the food pyramid concept, diagrams o f  the  
food pyramid being drawn to  d ir e c t  the stu d en t to  r e a l i s e  th a t th ere  
are more herb ivores than f is h , and more phytoplankton than h erb iv o res . 
The student i s  asked to  choose the c o rr e c t pyramid frcrn a s e t  o f  th ree  
pyramids drawn on the screen . I f  the c o rr e c t answer i s  provided, the  
stud en t i s  allowed to  progress to  the n ex t mode th a t he or she w ishes  
to  u se . I f ,  however, the in c o r re c t response i s  g iv e n  to  the q u estio n , 
then the program i s  routed to  provide another qu estion  r e la te d  to  the  
pyramid o f  numbers. :-Tn th is  q u estion , a well-known example o f  a food 
chain i s  g iv en  (g ra ss, zebra and lio n ) vh ich  corresponds to  the primary 
producers, primary ccnsuners and secondary consumers r e s p e c t iv e ly .
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The stud en t i s  asked vh ich  o f  th ese  organisms i s  the most common in  
A frica , the co rrect answer, o f  course, being g r a s s . Once the stud en t 
ach ieves the co rrect answer, and th ere should be no d i f f i c u l t y  h ere , 
the program i s  routed back to  the pyramid o f  numbers qu estion  
p rev io u sly  presented . H opefu lly , the student can now answer th a t  
question  w ith a l i t t l e  thought.
Following the use o f  mode 2 o f  the program vhere the student can a lte r  
the i n t i a l  numbers o f  th e  th ree  types o f  organism found in  th e pond to  
se e  the e f f e c t  o f  having d if f e r e n t  numbers o f  each o f  the organism, th e  
students are asked vhether they have d iscovered what happens to  the  
pond ecology i f  each o f  the organism s, in  turn, are em itted frcm the  
pond. In th is  way, i t  i s  hoped th a t i f  the stud en t has n o t d iscovered  
the purpose o f  each o f  th e organians, or r o le  o f  each o f  the organians  
in  the pond, the s /h e  w i l l  g o  back to  th is  mode and d iscover  each o f  
th e ir  r o le s .
In ad d ition , the stud en ts are  asked to  th ink o f  the fee  tors th a t  
co n tro l the numbers o f  each o f  the d if f e r e n t  organism s. For example, 
th a t the amount o f  l ig h t  w i l l  a f f e c t  the number o f  phytoplankton, a ls o  
the amount o f  predation by h erb iv o res . A th ird  qu estion  i s  asked o f  
the stu d en ts. This q u estion  i s  "Why do you th ink  the numbers d ecrease  
as you pass frcm the low est troph ic le v e l  to  the h ig h e s t  trop h ic  
le v e l? " . In ad d ition  to  asking the stu d en ts to  th ink o f  an 
explanation  vhich m ight be used in  th is  s itu a t io n , the q u estion  a ls o  
in troduces the concept "trophic le v e l" . In the q u estion , the stu d en ts  
are to ld  th a t the low est troph ic le v e l  has the g r e a te s t  number o f  
organisms, and th at as one progresses frcm th is  trop h ic  le v e l  to  th e  
h ig h e s t  troph ic le v e l ,  th e number o f  organisms d ecrea ses . Knowing
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th is ,  and th a t the phytoplankton are the most frequent organisms in  the  
pond, one can deduce th a t  the phytoplanktcn form the low est troph ic  
l e v e l  in  the ecosystem , th e  h erb ivores the m iddle trophic le v e l ,  and 
the f is h , the le a s t  frequent organisms in  the pond, the h ig h es t troph ic  
l e v e l .
In mode 3 the pond can be fish ed  a t  d if fe r e n t  frequencies and r a te s  and 
the e f f e c t  th a t th is  has on the pond ecology can be determ ined. 
Following the use o f  t h is  mode there i s  a sim ple YES/NO q u estion  
appertaining to  the purpose o f  the c lo s e  season for f is h in g . This i s  
the on ly  question  asked in  th is  mode o f  the program.
Following mode 4 o f  th e  program, p o llu tio n  o f  the pond a t  th ree  
d if fe r e n t  le v e l s ,  the q u estio n s ask the stud a i t  whether s /h e  has tr ie d  
a low le v e l  o f  p o llu tio n  (s in c e  th is  does n o t k i l l  the phytoplankton  
but causes a rapid in c r ea se  in  th e ir  numbers forming an a lg a l  b locm ). 
The stud ent i s  asked to  th in k  why the p o llu ta n t k i l l s  the f is h  and what 
happens to  the phytoplankton a t  the low le v e l  o f  p o llu t io n . This 
la t t e r  question  should encourage the stud en ts to  observe th e  v a s t  
in crea se  in  phytoplankton numbers i f  s /h e  has n o t a lready done so .
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With each o f  the q u estion s in  modes 2 and 4 which m erely req u ire the 
stu d en t to  think about a p a r ticu la r  p o in t and n ot provide an answer to  
the computer, ten seconds o f  thinking time i s  g iv en  for each o f  the  
q u estio n s. This compels the stud en ts to  a t  l e a s t  look  a t  the question  
for th a t period o f  tim e. I t  w i l l  h o p efu lly  cause seme d ir e c t io n  o f  
th e ir  thoughts towards th ese  important p o in ts  o f  the program. The 
a lte r n a t iv e  would be to  ask  the question  and then g o  on d ir e c t ly  to  the 
n ex t q u estion . This would probably r e s u lt  in  th e  stud a i t  n o t even 
reading the question  and d ir e c t in g  th e ir  thoughts towards th ese  p o in ts .
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Appendix 12b 
The Determ ination o f  Level o f  Understanding 
o f  th ose using P0ND2HEIP
The determ inaticn o f  the L.O.U. s ta r ts  by the computer se le c tin g  any 
one o f  the twenty one q u estion s by random. The stu d en t i s  then asked 
to  say whether th is  statem ent i s  true ("Y") or fa ls e  ("N"). I f  the  
answer g iv en  by the stu d en t i s  co rrect/ a q u estion  o f  h igher L.O.U. i s  
chosen by a process o f  b ifu r ca t io n . In other wards, a question  which 
i s  half-w ay between the L.O.U. and the h ig h e s t  L.O.U. i s  chosen. I f  
t h is  i s ,  again  answered c o r r e c tly  then the p rocess i s  rep eated . 
Whenever a question  i s  going to  be asked for a second tim e, the program 
r e fu ses  to  do so  and returns to  the main p a r t o f  the program, th e  
L.O.U. being determined a t  t h is  p o in t . However, i f  a q u estion  i s  
answered in c o r re c tly , a q u estion  a t  a lower L.O.U. i s  chosen, again by 
a process o f  b ifu rca tio n , e ith e r  between the h ig h e s t  L.O.U. a t  vh ich  a 
question  has been answered c o r r e c tly , or the low est L.O.U.
By determining where a stu d en t i s  according to  th is  lin ea r  h ierarchy i t  
i s  hoped th a t su ita b le  guidance can be provided whenever req u ested . 
However, the guidance i s  n o t provided s o le ly  on a cu rren tly  determined 
L.O.U. but a ls o  on the p a s t  record o f  L.O.Us.
A fter a stud en t has provided answers to  the q u estion s frcm vhich  
h is /h e r  L.O.U. i s  determ ined, s /h e  i s  g iv en  the chance to  ask far h e lp  
or guidance in  how they should use the program to  th e ir  b e s t  advantage. 
I have not allowed th is  a s s is ta n c e  to  be provided im m ediately on using  
the program, but only  a f te r  th ree s e t s  o f  q u estion s have been answered. 
This i s  because I f e e l  th a t the studen ts should be allowed and
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encouraged to  d ecid e  how to  use the program, and what the program has 
to  o ffe r  the student in  terms o f  increasing th e ir  understanding o f  the  
sim ulation  model. I t  w i l l ,  h o p efu lly , in crea se  the le v e l  o f  
confidence in  those stu d en ts vho come to  the computer w ith a fee lin g  o f  
apprehension. However, i t  i s  n o t too  long a period  for the stu d en ts  
to  work w ithout any form o f  guidance.
Ih e le v e l  o f  guidance o ffered  to  the students i s  determined from p a st  
determ inations o f  th e ir  L.O.U. a f te r  each d e c is io n  "not to  continue" as  
p rev io u sly  describ ed . I t  req u ires the c a lc u la tio n  o f  th e ir  mean 
L.O .U., th e ir  h ig h es t L .O .U., and th e ir  cu rren tly  h e ld  L.O.U. The 
cu rren tly  h eld  L.O.U. i s  compared w ith th e ir  mean L.O.U. and th e ir  
h ig h e s t  L.O.U.
I f  the current L.O.U. i s  l e s s  than the mean L.O.U. then the le v e l  o f  
guidance i s  s e t  a t  the same le v e l  as th e ir  mean L.O.U. This should  
prove to  be s u f f i c ie n t ly  h igh er than th a t p r e se n tly  h e ld , w ithout 
attem pting to  provide a s s is ta n c e  a t  a le v e l  too  for removed from what 
appears to  be 'th eir  m isconceptions o f  the sim ulation  model. O therwise 
the le v e l  o f  s ig n if ic a n c e  i s  s e t  a t  one le v e l  h igh er  than th e mean 
l e v e l  o f  u n d ersta n d in g .
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FLOW-CHARTS FOR THE DETERMINATION OF THE LEVEL OF UNDERSTANDING
OF THOSE USING PQND2HELP
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STORE LAST 
QUESTION 
AN SWERED 
CORRECTLY ON 
DISK FILE
CHOOSE MODE 
OF PROGRAM
r SETS UP ECOSYSTEM 
MODEL 
ACCORDING TO 
NPUT VALUES
DATA 
OUTPUT 
(GRAPH OR 
TABLE)
CONT. 
WITH 
PRESENT VALUES 
IN CURRENT 
MODE
A
YES
STORE LAST 
QUESTION 
ANSWERED 
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DISK FILE
REQUIRE 
GUI DANCE ?
NO
VSET GUIDANCE 
LEVEL AT
INT (MEAN *.5)
FIND THE L.O.U. 
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OF QUESTIONS 
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FROM DISK
FIND CUR REN T.
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MEAN L. 0 . u.
SET MA TO JET
IS
CURRENT CURREN 
L.O.U. >  MEAN
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SET GUIDANCE 
LEVEL AT 
IN TIMEAN +1.5)
SET GUIDANCE 
LEVEL AT 
CURRENT L£lU. +1
PRINT 
GUIDANCE 
ON V.D.U.
L V
SET COUNTER TO 
MA=M A+ 1
IS MA=1 ?
WANT 
NY MORE 
GUIDANCE ?
SET GUIDANCE 
LEVEL TO 1 
HIGHER THAN 
B EFORE
(appendix 13a)
v
SET GUIDANCE 
LEVEL AT 
CURRENT LOU1* 1
V
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Appendix 13b
Help Provided, on request, to  students using P0ND2HELP
L evel 1
I  su g g e st  th a t  you have another look  a t  the top  o f  th e  ta b le  
for th e m u lt ip l ic a t io n  fe e  to r s  o f  th e  p lan k ton , h e r b iv o r e s  
and f i s h ,  and then r e c o n s id e r  th e r e l a t iv e  s i z e s  o f  each o f  
th e  p o p u la tio n s in  th e  pond.
L evel 2
You have sa id  th a t  th e  p o p u la tio n s in  th e  pond a r e  n o t
in terd ep en d en t. In o th er  words, th a t  th e change in  s i z e  o f  
one p op u la tio n  w i l l  n o t  a f f e c t  any o f  th e  o th er  p o p u la tio n s  
in  th e  pond. A lthough I  am n o t  d isa a g ree in g  w ith  you nor am 
I  agreeing w ith  you, I  wauld l i k e  to  su g g e st  th a t  you t r y  to  
s e e  whether you a re  c o r r e c t .
To do t h is  I  want you to  suppose th a t  th e  p o p u la tio n s  a r e  
in terd ep en d en t, and d e s ig n  and run an experim ent which w i l l  
prove or d isap prove t h i s  su p p o s it io n . Perhaps you cou ld  do  
t h is  by ronoving a p o p u la tio n  fir cm th e  pond.
L evel 3
You have sa id  th a t  th e  f i s h  are  n o t  p arp ortion a  1 to  th e
h erb iv o r es , and th e  f i s h  a r e  p ro p o r tio n a l to  th e  h e r b iv o r e s  
and p lan k ton . Can I  su g g e s t  th a t  you tr y  and v a r y  th e
p op u la tion  s i z e s  to  s e e  whether th e  f i s h  resp on d /d o  n o t
respond to  th e se  ch an ges.
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Level 4
You have sa id  th a t  th e  h erb iv o r es  a re  n o t  p ro p o r tio n a l to  th e  
p la n k to n . I t  m ight be f r u i t f u l  for you to  in v e s t ig a t e  t h is  
m atter a l i t t l e  m ore. How would you s e e  Whether th e  
h e r b iv o r e s  were p r o p o r tio n a l to  th e  p lan k ton . What would 
you vary? P lank ton . O.K. Try i t .
L evel 5
Having r e a l is e d  th a t  th e  f i s h  a re  p ro p o rtio n a l t o  th e
h e r b iv o r e s , and th e  h er b iv o r e s  a r e  p ro p o r tio n a l t o  th e
p lan k ton , I  th in k  perhaps you should  va ry  one o f  th e se  
p o p u la tio n s  to  s e e  i t s  e f f e c t  on th e  o tth e r  two p o p u la t io n s .  
C onsider c a r e f u l ly  which o f  th e  p o p u la tio n s  you should  v a r y .
L evel 6
So far you appear to  have r e a l is e d  th a t  the p o p u la t io n s  in  
th e  pond a r e  in terd ep en d en t. You appear to  h ave  r e a l i s e d  
a ls o  th a t  th e f i s h  a re  p ro p o r tio n a l to  th e  h e r b iv o r e s , and 
th a t  th e  h e r b iv o r e s  a re  p ro p o r tio n a l to  th e  p la n k to n . You 
a l s o  b e l ie v e  th a t  th e  f i s h  feed on th e h erb iv o r es  and th e  
h erb iv o r es  feed  on p lan k ton .
Why n o t  tr y  look in g  a t  hew t h i s  in terd ep en d en ce o f  
p o p u la tio n s  you have in d ic a te d  th a t  you b e l ie v e  to  e x i s t
m ight a c t u a l ly  take p la c e .
How m ight th e  s i z e  o f  th e  p o p u la tio n s  be governed by another  
p o p u la tio n  in  th e  ecosystem ?
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Level 7
You d o  n o t  seen  to  b e l ie v e  th a t  th e  f i s h  feed on th e  
h e r b iv o r e s . Perhaps they  d o n 't .  What do you need to  d o  to  
find  o u t  what th e  f i s h  eat?  Why n o t  renove what you th in k  i s  
th e so u rce  o f  food for th e  f i s h ,  and s e e  what happens.
L evel 8 '
You d o  n o t  seen  to  b e l ie v e  th a t  th e  h e r b iv o r e s  feed  on the  
p lan k ton . Perhaps th ey  d o n 't .  What do you need to  do  to  
find  o u t  what th e  h erb iv o r es  ea t?  Why n o t  remove what you  
th in k  i s  th e  food sou rce for th ee  h erb iv o r es  and s e e  what 
happens.
L evel 9
You h a v e  sa id  in  your answers to  the q u e s tio n s  I  h a v e  j u s t  
asked you , th a t  th e phytoplankton  do n o t  p h o to sy n th e s is e .  
Can I  a sk  you what you b e l ie v e  th e  phytoplanktcn  to  be?
T^pe in  your answer p le a s e .  ( i f  answer i s  "algae" then  
co n tin u es)
Good. I  a g ree  w ith  you .
Now w hat do a lg a e  do to  g e t  th e ir  food?
Try and s e e  i f  th e  a lg a e  feed  on any o f  th e  o th er  p o p u la tio n s  
in  th e  pond.
L evel 10
I f  p lan k ton  p h o to sy n th e s ise  a s  you have j u s t  s a id ,  w hat w i l l  
th e ir  numbers be governed by?
I s u g g e s t  th a t  you tr y  an experim ent which w i l l  fo l lo w  th e  
numbers o f  p lankton  w ith  vary in g  tanperature and l i g h t .
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Level 11
I f  th e  p lankton  numbers a re  governed by th e  environm ent, 
h e r b iv o r e s  feed  on p lan k ton , f i s h  feed  on h e r b iv o r e s ,  
w o u ld n 't th e  environm ent a f f e c t  a l l  o f  th e  p o p u la tio n s  in  th e  
pond?
Try and show th a t  th e  environm ent d oes n o t  have an e f f e c t  on 
th e  p o p u la tio n s  in  th e  pond.
L evel 12
Try and show th a t  th e  h erb iv o r es  and /or th e  f i s h  a f f e c t  th e  
numbers o f  p lankton  in  th e  pond.
L evel 13
Have a look  a t  th e  numbers o f  th e  v a r io u s  p o p u la tio n s  in  th e  
pond. Try and prove to  y o u r s e l f  th a t  th e  v a r io u s  
p o p u la tio n s  do n o t  change in  numbers through an annual c y c l e .  
Do t h is  by observing th e  pond for a  number o f  y e a r s .
What cou ld  be causing th e  change in  numbers th a t  you should  
see?
L evel 14
Have a lo o k  a t  a pond a f t e r  you have s e t  i t  up w ith  vary in g  
numbers o f  pond organism s. Show th a t  th e  pond organism s do  
n o t  ever reach  a s e t  l e v e l  or eq u ilib r iu m  which i s  th e  same 
even w ith  th e  experim ents s ta r t in g  w ith  d i f f e r e n t  numbers o f  
th e  pond organism s.
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Level 15
Now th a t  you have r e a l is e d  th a t  the pond organism s can reach  
an eq u ilib r iu m  o f  numbers, shew by s e t t in g  up an experim ent 
in  mode 3 o f  th e  proramme, th a t  f ish in g  d oes n o t  u p se t th e  
eq u ilib r iu m  o f  th e  numbers o f  each o f  th e s e  o rg a n isn s .
L evel 16
What do you th in k  th e  number o f  f i s h  cau gh t by th e  fisherm en  
w i l l  be p ro p o r tio n a l to?
Try s e t t in g  up an experim ent which w i l l  show th a t  th e  f ish in g  
r a te  (number o f  fisherm en x number o f  tim es th e  fisherm en  
f i s h  each month) i s  th e  determ ining fe e  to r .
What e l s e  cou ld  a f f e c t  th e  number o f  f i s h  caught?
L evel 17
Now th a t  you have r e a l is e d  th a t  th e p a id  organism s can reach  
an eq u ilib r iu m  o f  numbers, show by s e t t in g  up an experim ent 
in  mode 4 o f  th e  programme, th a t  p o l lu t io n  d oes n o t  u p se t th e  
eq u ilib r iu m  o f  th e  numbers o f  each o f  th e s e  organism s.
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Main points o f  the POND programs as perceived by the students
a . Taught noth ing
b . S ta b le  ecosystem
c .  P o p u la tio n s  in  th e ecosystem  a re  in terd ep en d en t
h . Numbers in  a pond ecosystem  vary
i .  S tatem ent o f  p o p u la tio n s  s i z e s
f . T rophic l e v e l s  o f  ecosystem  shewn 
s .  Food pyramid m entioned
u . P lankton  p h o to sy n th e s ise
t .  P lankton  a re  th e  e s s e n t ia l  organism s in  th e  pond
g .  "Factors" a f f e c t  th e  eco sy stem 's  eq u ilib r iu m  
r .  Weather a f f e c t s  th e  eco sy stem 's  eq u ilib r iu m
d . F ish in g  a f f e c t s  th e  eco sy stem 's  eq u ilib r iu m
k . D if f e r e n t  r a te s  o f  ca tch in g  f i s h ,  h erb iv o r es  and p lan k ton  shown 
q . Need to  con serve f is g  numbers
e .  P o l lu t io n  a f f e c t s  th e  ecosystem
j .  The e f f e c t  o f  d i f f e r e n t  p o l lu t io n  r a te s  i s  shown 
p . Man can a f f e c t  th e ecosystem
1. To com p are/a lter  s t a t i s t i c s  
m. To o b ta in  b e s t  f in a n c ia l  g a in
v .  F in a n c ia l g a in  i s  r e la te d  to  co n serv a tio n  o f  f i s h  numbers 
n . Forward planning  
o . P rob lem -so lv in g  
w. U se o f  g r a p h s /ta b le s
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DATA PRESENTATION QUESTIONNAIRE
i s  q u e s t io n n a ir e  i s  concerned  w ith  the ways in  which GCE A/L s tu d e n ts  p re fer  
r io u s  k inds o f  n u m er ica l  d a ta  to  be p r e s e n t e d .  The d a ta  which I o b ta in  
ora the returned  q u e s t io n n a ir e s  w i l l  be used f o r  a r e se a r c h  programme 
ncerned w ith  s tu d e n t  l e a r n in g  in  s c i e n c e .  The r e s u l t s ,  i f  at a l l  u s e f u l ,  
y be g iven  to  your l e c t u r e r s .  The r e s u l t s  might thus be o f  use i n  the  
ys  your te a c h e r s  p r e s e n t  in fo r m a tio n  t o  you or o th e r  s t u d e n t s .  I would thus  
p r e c ia t e  your c o o p e r a t io n  in  answering th e  q u e s t io n s  below in  a fra n k  and 
t a i l e d  way.
w i l l  p r e ser v e  your anonym ity . Names w i l l  n o t  be d i s c l o s e d  in  any rep ort  
at might be p roduced . However, by w r i t i n g  your name on the q u e s t io n n a ir e  
can c o n ta c t  you i f  I f i n d  th a t  i t  p roves  n e c e s s a r y .
anks f o r  c o - o p e r a t io n .
.J .D ic k e r  (S en io r  L e c tu r e r  in  B io lo g y )  
c to b e r  1982
our name
Male /  Female
ear o f  A/L course
( d e l e t e  in a p p r o p r ia te  s ex  d e s c r i p t i o n )
(r in g  a p p r o p r ia te  y e a r )1 s t 2nd R e v is io n
l e a s e  t i c k  th e  A/L s u b j e c t s  th a t  you are p r e s e n t l y  s tu d y in g
P h y s ic s
M athem atics
St a t i s t i c s
Computing S c ien ce
C hem istry
Bot any
Zoology
B io lo g y
* * * * * * * * * * * * * * * * * * - * * * * * * * * * * * * * * * * * * * * .*  **  * * * * * * * * *  * * * * * * * * * *
****WHEN COMPLETED PLEASE RETURN TO YOUR A/L LECTURERS OR TO me***** 
* * * .* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PLEASE LOOK AT THE FOLLOWING FIGURES (1 TO 4 ) ,  AND' THEN ANSWER THE QUESTIONS 
ON THE FOLLOWING SHEET.
Figure 1
Time
(mins)
N o .B acte^ i  a l  
c e l l s / c m
0 100
60 324
120 1 ,0 5 1
180 3 ,4 0 6
240 1 1 ,0 4 2
300 3 5 ,7 9 6
360 1 1 6 ,0 3 8
420 3 7 6 ,1 5 5
480 4 7 8 ,2 7 7
540 5 7 8 ,743
600 6 6 8 ,1 3 0
6 -
i70 
Wo
l? o i^
3oo *
1/1 / i  3lo-
i
^  ^ t o ­
rn 
r
f  Hfo-
boo
KJ0 . 6cxcAe_Mbd cq.Us / c.w? 
l o o  3 o o  3 o 6  tvoo £oo too *700
K/o. c^x.cl'-C r-(_‘<x] CJ2.Hr/Cm*
10 o ^oo 3oo U-oO 5 o o  too Too ?oo 6no3)
6
6
F ig u r e  2
a
8
8
F ig ure 3
F igu re  4
~}oo ~
Hoc *
loo •
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l e a s e  i n d i c a t e  i n  the  s e r i e s  o f  boxes be low which o f  each o f  the
wo p r e s e n t a t i o n s  i n d i c a t e d  you p r e f e r
1 .
2 .
3 .
4 .
5 .
6 .
7 . 
8 . i
ii
9 .
1 0 .
11.
Figure 1 (A) or 
Why?.   ..........
F igu re  2 (R)
A B
F igure 1 (A) or F ig u re  3 (B) 
Why?............. ............. ...............................
F igure 1 (A) or F igure  4 (B) 
Why ? '•.. * . o o •  © © © o
• • • © 0 0 6 0 * * 0 0 « © * © 0 0 * * * » * * 0 « *  • 0 0 « 0 ©©0 ©0 0 0 f t 0 ©0 0 * 0 ©0 »  ♦
• • •©• •OOOO©O©OOOOOO©O*©OOd©©©OO0O©OeO9OO©©OO*©O»««
c e o o o
Figure 2 .(A) or F igu re  3 (B)
Why? .  . . .  .  « o .  o o .  o o  o o •  •  a o  ........................................
o • > • e ? • 4 * 0 0 0 0 0 0 0 0 * 0 0 0
o * o o o o o * o o * o * o o o o * o o o o * * o o * * * o * o o o o o o o o o o o «
Figure 3 (A) or F igu re  4 (B)
Why ? • • * o o o •  •  • o o * o * o * « o o o o » «  o •  •
e o * o * o o * o o o o o o * o * * o o o o * o o o * * * * o o o o o * o * « o o « *
o o * o o o * * o o * o o * * * o * o o » * •  * o * o  o * * <
Are f i g u r e s  1 ,2 ,3  and 4 r e p r e s e n t a t i o n s  o f  the same 
num erical data?
Which, i f  any, are d i f f e r e n t  from  the r e s t ?
YES NO
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3
’OW JjOOK AT
Figure 5
Figure
FIGURES 5 , 6 , 7  AND 8 AND ANSWER
Month P h yto -  H erb ivore  F ish
p lan k ton  n o ' SA n o 's  
n o 's  Q (x  10 ) ( a c t u a l )
(x I 0 y )
Jan 115 24 942
Feb 258 34 745
March 362 50 675
A p r i l 332 55 1680
May 319 63 3580
June 301 58 ' 3350
J u ly 316 46 2497
Aug 269 52 2037
Sept 253 37 1570
Oct 176 35- 1394
Nov 140 33 1241
Dec 111 28 1184
6
'pHNTo'it’ufh't'C poN  I o o o ( o o o )
O loo  ,£oo Soo tvoo
HefcSwoecrS (*• iooo ooo 
O J o  tvo feo f-o
H ? H  C PVCruPu h o )
pH Y to Pc.ftMK.TOrsJ 
iv/oR-cS
P isH
-  5 8 8  -
•+.
Figure 7^-----
Figure 8
0
o
0
'PHNTO?i-ftvJ<rosJ d*" 1^0 ,^ o o o .o o o )
( o  o -2oe> 5«ad M- 
Ue*g|Uc££S C ** 'OOO, OOO )
«?0 H'O d? o
PiSH (_4;cxum_ No.)
looo -2ooo 3ooo. i t
■n-fVM - F PH
PeS F H P
h m t - F W P
F H
. H PF
nTUk1£ PH r
TXA-'/ . F H P
A-tX\ . F H
S£ST - fFP
ocr - F P H
KCM - FPH
}^£C- - n
S o
M-OOi
x
(vio) (xio)
• fHYTDPU^MKTOrv/
•H srsfB i^o^c 5 
FtSH
i n d i c a t e  in  the s e r i e s  o f  boxes  below which o f  each o f  the
e s e n t a t i o n s  i n d i c a t e d  you p r e f e r ,  and why:-
Figure 5 CA) or .F ig u r e  6 (B)
Why?..................................................... ....................................................
F igure 5 (A) or F igu re  7 (B) 
Why ? . . . ........................... ..........................
F igure 5 (A) or F igu re  8 (B) 
W hy?...................................................
F igure 6 (A) or  F igu re  7 (B) 
Why? . . ' . .......... ......................................
F igure 7 (A) or F igu re  8 (B) 
Why? *............... .................................
Are f i g u r e s  5 , 6 , 7  and 8 r e p r e s e n t a t io n s  o f  th e  same 
num erical data?
Which, i f  any, are d i f f e r e n t  from the r e s t ?
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A B
YES NO
to.
W
ig u r e s  2 and 7 are examples o f  a LOW RESOLUTION GRAPH produced on a com puter,  
ig u r e s  3 and 8 are examples o f  a HIGH RESOLUTION GRAPH produced on a computer.
n the three  s c a l e s  be low , I would l i k e  you to  p la c e  t a b l e s  ( T) ,  low r e s o l u t io n  
raphs (L) and h ig h  r e s o l u t io n  graphs (H) accord ing  to  how you r a t e  o f  each o f  
h e ir  u s e f u ln e s s e s  t o  the  f o l l o w i n g  p eop le
U  TO A MATHEMATICIAN/PHYSICIST 
Not at a l l  ^ ----------------------------------- ^ V e r y  h ig h ly
Why?.oo . . o o o o . o o o o ................................ . . . . . . . . . . . . .  . . . . . . . .  . . . . . . ........................ ......
2 . TO A BIOLOGIST
Not a i  a l l  ,________________________  < , . .  ^ e r y  h i g h l y
0 1 2 3 4 5 6 7 8 9 10
W h y ?  . . .  .  O O O .  . . O O O . . . . .  . . Q . O . O . . O   ................................ ...... ... .......................................................................................................... ......
3 .  TO YOU
N o +  i l l  L . „ .    _ i _ -I . . - ,  -  —n t . I. . . t  . f .. — —I— . .  ....... i .. . — . .' t  v  p  r v  h i i i h l  v
• a - a x i  0 ■ i  . 2 ■ 3 4 5 6 7 8 9 10 ' n i knJ>
Why? O O ( 3 0 f O O O O « O O O 9 O O O  • • • • O O P  4  I  a  •  »  o  o
* *  *.■: * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * < * * * * * * * * * *  A * * * * *  * * * * * * * * * * * * * * * * *
T h a n k s  f o r  t a k i n g  t h e  t i m e  t o  c o m p l e t e  t h i s  q u e s t i o n n a i r e ,  c a n  y o u  n o w  p l e a s e
e n s u r e  t h a t  i t  i s  r e t u r n e d  t c  m e .
-  591 -
7.
APPENDIX 16
ORDER OF CONCEPT ACQUISITION FOR THE STUDENTS USING 
USING THE POND PROGRAMS
Program; POND-2
S tu d en t1 s  L is t  o f  Concepts in  Order A cquired
I n i t i a l s
EW 18 19 20 21 1 30 7 9 4
GU 20 6 7 9 21
ST 7 31 6 32 33 10
PS 34 7 31 21 35 36 22 20 37
SHI 18 14 15 21
NP 21 37 23 15 16 7 9
TS 14 31 6 20 5 21 7 10 38
PN 1 7 39 9 11 18 21
MW 37 1 22 21 15 8 4 18 40
22 5 10 8
Program: PONDQU
S tu d e n t's  L is t  o f  Concepts in  Order Acquired
I n i t i a l s
JB 41 42
CP 9 29 6 25 26 8 7 21
SA 9 27
SW 11 7 9 1 21 22
AB 20 25 26 9 7 28 8 18 19 21
AR 19 7
RR 35
SH2 31 7 37
JH1 20
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Program; PONDGAME
S tu d en t1 s  L i s t  o f  Concepts in  Order A cquired
I n i t i a l s
JH2 31 7 43 44
AY 31 7 9 11
AM 7 9 15 14
RC1 20 14 9 10
SE 9
CH 13 9 21
HS 9 21
Program: P0ND2HEIP
Student* s  L i s t  o f  Concepts in  Order Acquired
I n i t i a l s
MB 46 7 6 13 14 20 26 8
SDT 1
FQ 34 18 7 9
DG 47 22 21 13 23 16
SB 20 7 9 13 14 31
RC2 15 /16 31
DC 7 9 8 10 24 18 22 15
PP -
DH 31
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APPENDIX 17
LIST OF CONCEPTS DEMONSTRATED BY STUDENTS USING THE POND PROGRAMS
Concept Concept D e scr ip tio n
Number
1 Organisms a r e  in terd ep en d en t in  an ecosystem
2 Interdependence i s  r e f le c t e d  t y  feed ing  h a b its
3 A l l  com m unities depend on th e  sun
4 Primary p roducers "trap" s o la r  energy
5 P lankton can e x i s t  w ith o u t h erb iv o r es  and f i s h
6 Plankton numbers a re  la r g e ly  c o n tr o lle d  t y  th e  p h y s ic a l  
environm ent
7 H erb ivores a r e  dependent on th e  phytoplankton
8 H erbivores a r e  preyed upon t y  th e  f i s h
9 F ish  a r e  dependent on th e  h erb iv o r es
10 The phytoplankton  a re  preyed upon t y  th e  h e r b iv o r e s
11 P lankton numbers > h erb iv o r e  numbers > f i s h  numbers
12 F ish  a re  preyed upon t y  th e  fisherm en
13 The number o f  f i s h  caught i s  dependent on th e  n o . o f  f is h
14 The number o f  f i s h  caught i s  dependent on th e  f ish in g  r a t e
. 15 P o llu t io n  le a d s  to  a d e c l in e  in  t th e  f i s h  numbers
16. P o l lu t io n  le a d s  to  a d e c l in e  in  h erb iv o r e  numbers
17 Low and m oderate p o l lu t io n  l e v e l s  can lea d  , to  an in c r e a se  
in  phytoplankton  numbers ;
18 A b a lan ce  between p o p u la tio n s  can be ach ieved
19 Even w ith  a b a la n ce , numbers can change c y c l i c a l l y
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20 Weather cau ses c y c l i c a l  changes in  n u m b ers/a ffec ts  th e  
ecosystem
21 F ish in g  cau ses  th e  f i s h  numbers to  d ecre a se
22 A l l  com m unities a r e  dependent on th e  phytoplankton
23 P o llu t io n  h e lp s  th e  phytoplankton  to  grow
24 F ish in g  u p se ts  th e  b a lan ce  o f  th e  ecosystem
25 Phytoplankton u se  oxygen in  th e  water
26 F ish  r e q u ir e  oxygen -  f i s h  d ie  due to  a la c k  o f  oxygen
27 Phytoplankton a r e  ea ten  t y  h ig h er  anim als
28 Phytoplankton feed  on a lg a e
29 Phytoplankton numbers a r e  n o t  p ro p o rtio n a l to  th e  h erb iv o r e
numbers
30 Phytoplankton feed  on f i s h  ex creta
31 F ish  feed  on th e  phytoplankton
32 Phytoplankton in c r e a se  in  p o l lu t io n  b ecau se th ey  tak e up 
n itr o g e n  and oxygen
33 F ish  and h erb iv o r es  d e c r e a se  in  p o llu t io n  b ecau se th e  
phytoplankton tak e up n itr o g e n  and oxygen
34 Phytoplankton v a ry  w ith  f i s h  numbers
35 F ish in g  cau ses  th e  phytoplankton  to  d e c r e a se
36 Phytoplankton in c r e a se  in  p o llu t io n  b ecau se th e  f i s h  
d ecre a se  and th e oxygen co n cen tra tio n  in c r e a se s
37 F ish  a re  dependent on th e  h erb iv o r es  and phytoplankton
38 H erbivore numbers a re  c o n tr o lle d  t y  th e  f i s h  numbers
,39 F ish  and h erb iv o r e  numbers a r e  n o t r e la te d
40 Phytoplankton numbers a r e  p ro p o rtio n a l t o  th e  h e r b iv o r e
numbers
41 Phytoplankton numbers < h erb iv o r e  numbers < f i s h  numbers
42 F ish  compete w ith  phytoplankton  for food
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43 Phytoplankton and h er b iv o r e s  a re  th e  o n ly  organism s th a t  
can l i v e  to g eth er
44 There i s  a  c o n tr o l system  whereby th e organism s reproduce  
f e s t e r  when th ey  a r e  predated
45 Phytoplankton and h e r b iv o r e s  e a t  f is h
46 H erbivore numbers a r e  n o t  dependent on f i s h  numbers
47 Phytoplankton a r e  dependent on th e f i s h  and h erb iv o r es
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Appendix 18a
Frequency o f  demonstration o f  cogn itive  a c t iv i t ie s  by
those using the POND-2
C ogn itive  a c t i v i t y .
DW ST
Student  
PS SHI
s  i n t i t i a l s  
NP TS PN m
1 .Concepts a t
s t a r t  ( l i s t  A)
5 5 0 0 5 2 5 5
2 . Concepts a t
s t a r t  ( l i s t  B)
3 3 0 0 3 2 5 5
3 .Number o f  INPtJTs 11 14 32 23 16 28 12 36
4 .Number o f  A ctio n s  taken 3 1 1 3 11 16 3 11
5 .Number o f  O bservations 8 23 52 8 55 89 32 110
6 .Number o f  v a l id
con cep ts  formed
6 8 4 3 10 11 5 22
7 .Number in v a l id
co n cep ts  formed
1 5 5 0 1 5 2 9
8 .T o ta l Number
co n cep ts  formed
7 13 9 3 11 16 7 31
9 .Number p r e d ic t io n s
( t y  e x tr a p o la t io n )
0 0 0 0 2 2 0 1
1 0 .Number o f  " s e le c t io n  o f  
a p p ro p ria te  
enqu iry  s k i l l s "
0 0 0 0 0 0 0 0
1 1 .Number p r e d ic t io n s 0 1 1 0 1 1 0 1
1 2 .Number th eo ry -la d en  
o b se r v a tio n s  ( e x . l )
0 0 4 0 0 0 2 1
1 3 .Number th eo ry -la d en  
o b se r v a tio n s  ( e x . 2)
1 0 3 0 0 0 0 0
1 4 .Number h y p o th e s is  te s t in g  
a c t i v i t i e s  ( e x . l )
0 0 4 1 2 1 3 1
1 5 .Number h y p o th e s is  t e s t in g  
a c t i v i t i e s  ( e x . 2)
0 1 1 5 0 2 0 0
1 6 .Number h y p o th e s is  te s t in g  
a c t i v i t i e s  ( e x . 3)
0 0 0 0 0 0 0 1
1 7 .Number co n cep ts  acquired  
from o th er  con cep ts
0 2 0 0 0 0 0 0
1 8 .Number d i a l e c t i c  
a c t i v i t i e s
0 0 0 0 1 0 2 2
1 9 .Number co n cep ts  a t  
f in i s h  ( l i s t  B)
7 3 3 3 6 3 6 6
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Appendix 18b
Frequency o f  demonstration o f  cogn itive  a c t iv i t ie s  fcy
those using the PONDQU
C o g n itiv e  a c t i v i t y .
JB CP
Student 
SA SW
s  i n t i t i a l s  
AB AR RR SH2 JH1
1 . C oncepts a t 0 4 5 0 5 0 0 4 5
s t a r t  ( l i s t  A)
2.  Concepts a t 0 4 4 0 5 0 0 2 3
s t a r t  ( l i s t  B)
3 .  Number o f  INPUTs 9 19 9 10 14 18 23 27 15
4 . Number o f  A ctio n s  taken 0 4 2 5 8 6 0 4 5
5 . Number o f  O bservations 4 13 10 16 50 18 5 27 15
6 . Number o f  v a l id 0 3 4 9 9 2 0 2 0
con cep ts formed +?
7 . Number in v a lid 2 0 0 1 4 0 5 1 3
con cep ts formed
8 . T o ta l Number 2 3 4 10 13 2 5 3 3
co n cep ts  formed
9 . Number p r e d ic t io n s 0 1 0 0 0 1 0 2 0
( t y  e x tr a p o la tio n )
1 0 .Number o f  " s e le c t io n  o f 0 0 0 1 0 0 0 2 0
ap p rop ria te
enquiry  s k i l l s "
1 1 .Number p r e d ic t io n s 0 0 0 1 0 0 0 1 0
1 2 .Number th eo ry -la d en 0 0 0 0 1 0 0 0 2
o b se r v a tio n s  ( e x . l )
1 3 .Number th eo ry -la d en 0 0 0 0 3 0 0 0 0
o b serv a tio n s  ( e x . 2)
1 4 .Number h y p o th e s is  t e s t in g 0 0 0 0 2 0 0 2 0
a c t i v i t i e s  ( e x . l )
1 5 .Number h y p o th e s is  te s t in g 0 0 0 0 0 0 0 0 0
a c t i v i t i e s  ( e x . 2)
1 6 .Number h y p o th e s is  te s t in g 0 0 0 0 0 0 0 0 0
a c t i v i t i e s  ( e x . 3)
1 7 .Number co n cep ts  acquired 0 0 0 0 0 0 0 0 0
frcm o th er  con cep ts
1 8 .Number d i a l e c t i c 0 1 1 2 0 0 0 0 2
a c t i v i t i e s
1 9 .Number co n cep ts  a t 2 4 5 5 6 4 0 6 3
f in is h  ( l i s t  B)
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Appendix 18c
Frequency o f  demonstration o f  cogn itive  a c t iv it ie s  by
those using the PONDGAME
C o g n itiv e  a c t i v i t y .
JH2
S tu d e n t's  i n t i t i a l s  
AM RC1 SE CH HS
1 . C oncepts a t
s t a r t  ( l i s t  A)
0 4 4 2 6 6 5
2.  Concepts a t
s t a r t  ( l i s t  B)
0 2 2 2 3 3 2
3.  Number o f  INPUTS 23 15 19 15 18 20 17
4 . Number o f  A ctio n s  taken 1 4 6 18 18 23 6
5 . Number o f  O bservations 19 28 35 50 19 25 14
6 . Number o f  v a l id  
co n cep ts formed
2 11 19 18 7 15 5
7 . Number in v a lid
con cep ts formed
5 2 0 0 1 0 2
8 . T o ta l Number
con cep ts  formed
7 13 19 18 8 15 7
9 . Number p r e d ic t io n s  
( t y  e x tr a p o la tio n )
1 0 0 3 0 2 0
1 0 .Number o f  " s e le c t io n  o f  
a p p rop ria te  
enquiry s k i l l s "
0 1 9 8 10 15 7
1 1 .Number p r e d ic t io n s 1 0 3 2 1 1 0
1 2 .Number th eo ry -la d en  
o b se r v a tio n s  ( e x . l )
0 0 0 4 0 0 0
1 3 .Number th eo ry -la d en  
o b se r v a tio n s  ( e x . 2)
0 0 0 0 0 0 0
1 4 .Number h y p o th e s is  t e s t in g  
a c t i v i t i e s  ( e x . l )
0 0 0 3 2 11 2
1 5 .Number h y p o th e s is  te s t in g  
a c t i v i t i e s  ( e x . 2)
1 0 1 1 0 0 0
1 6 .Number h y p o th e s is  t e s t in g  
a c t i v i t i e s  ( e x . 3)
0 1 1 0 0 0 0
1 7 .Number co n cep ts  acquired  
from o th er  con cep ts
0 3 0 0 0 0 0
1 8 .Number d i a l e c t i c  
a c t i v i t i e s
0 0 0 1 0 0 2
1 9 .Number co n cep ts  a t  
f in is h  ( l i s t  B)
4 6 5 6 6 7 6
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Appendix 18d
Frequency o f  demonstration o f  co g n itiv e  a c t iv it ie s  by
those using the P0ND2HELP
C o g n itiv e  a c t i v i t y .
MB SET
S tu d e n t's  i n t i t i a l s  
PQ DG SB RC2 DC PP NL DH
1 . Concepts a t
s t a r t  ( l i s t  A)
1 0 1 2 2 2 2 1 2 4
2 .  Goncepts a t
s t a r t  ( l i s t  B)
2 0 3 2 4 3 3 1 1 4
3.  Number o f  INPUTs 21 7 9 10 30 23 5 9 14 12
4 . Number o f  A ctio n s  taken 10 1 1 1 9 6 1 4 3 5
5 . Number o f  O bservations 101 36 64 31 80 52 20 56 53 52
6 . Number o f  v a l id  
con cep ts formed
19 0 O’ 7 16 7 1 0 3 5
7 . Number in v a lid
con cep ts  formed
0 1 3 5 3 4 0 2 5 0
8 . T o ta l Number
con cep ts formed
19 1 3 12 19 11 1 2 8 5
9 . Number p r e d ic t io n s  
( t y  ex tr a p o la t io n )
3 0 0 4 0 1 0 0 0 0
1 0 .Number o f  " s e le c t io n  o f  
ap p rop ria te  
enquiry s k i l l s "
0 0 0 1 2 1 0 0 0 2
1 1 .Number p r e d ic t io n s 0 0 0 2 0 2 0 0 1 0
1 2 .Number th eo ry -la d en  
o b serv a tio n s  ( e x . l )
3 0 0 0 0 2 0 0 1 0
1 3 .Number theory^-laden  
o b serv a tio n s  ( e x . 2)
8 2 0 0 0 3 0 0 0 0
1 4 .Number h y p o th e s is  te s t in g  
a c t i v i t i e s  ( e x . l )
1 0 0 0 0 0 0 0 0 0
1 5 .Number h y p o th e s is  te s t in g  
a c t i v i t i e s  ( e x . 2)
0 0 0 0 0 0 0 0 0 0
1 6 .Number h y p o th e s is  t e s t in g  
a c t i v i t i e s  ( e x . 3)
0 0 0 0 0 0 0 0 0 0
1 7 .Number co n cep ts  acquired  
from o th er  con cep ts
1 0 0 0 5 0 0 1 3 0
1 8 .Number d i a l e c t i c  
a c t i v i t i e s
0 0 0 5 2 3 0 0 3 0
1 9 .Number con cep ts a t  
f in is h  ( l i s t  B)
5 6 3 3 6 5 2 2 4 7
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